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faifit, 10 

2 1 tfn&M&twia* y = v % a 

m#s 5 1 mmiwmftm** s' y =« >\ »*, « 

Etw^u.^^ mm. mmivm 

JlKcfEtt^fe 30 
[M#j[ 9 1 mFfE^tfy <> y =. ^»s^f/k> 

[BiJWt i o ] wmmM&L o&nr&b&mwmtm 
im&x 1 1 ] &mvm#m ^mmt^^r^y 

-7-»MTfcoT > 50 
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H»«WMi54*Sre*>*JI5l»*fl«*JI5i*>'i'^>' ixy 

= vft^ £$ftrr * r t lei i? itsi * -a- a x*§ £ , 

t<IIEM2Sim@±icfim^%45|5^-e ; fc a Sg3^®fr 

itsw^^ ->y = >"fb^-*&aww-a c t ic £ 9 

[hmcq( 1 2 1 imesm ^2, RTfmttw; ->-y 
[WW 1 3 ] nmx-Aritr j */ y 3 ^iksmtf *?->v 
www 1 4 ] '/jay, mm. 

Bfr^2^mscDBffia^^co2/3^^ 

«t^r*->y ^Ml, jK9K. ^TK^w-grftS-U 5 , «K 
H»4W l 8 ] «nE»lWl(*»^W J F*T?'>ft < t 
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imxm 20] msssmmtm t mm<o y => 
mm, s&t. &W7Wfr^**fc-3iB3iJt«(wi±^«nE io 

[0001] 

*ttJBHx i998*p2Ji n 0 ttwro*a«fiFPi"«RRai«i 

^09/021, 788-§- [AMAT/2592] gB^^ttH® ! 1998^9^ 

29 0 im<o*m¥fffm&f&m\iimmo9/iG2, 915#lamat/ 

3032]cD-fflSS&^tti®; 3^1998^1 1 J! 4 PfcUMtf>#ia# 
tW»S^li*!B09/189t 555^[AMAT/3032. PI] <£>— AMI 20 

[0 0 0 2] *38Wtt, ft^IUSSwMiftJcll-r-So 1Et- 

»m»ci4, ^j^istt#g£*^t^y^vy*-ra 

[0003] 

ifca 7^ V xngtiWlz-te-oX^Z t ^ o r. i £ig9fe b 
[0004] ^BBEBSiO^V X*r3Elcjfe> 

[0005] irawiit ife§J#jic:n±, aifi&asfi-* (OX 50 



2001-110789 

n#a„ L^^sat. 

<^a o IT^^V^JKrJi *3r-A-Cf4, — iSwWIffcl 
14, *38W<0«* «%tCgffi-eH«llceit$tt2 «t 5 tc 

fciiLT^y^y^na. ^Wh^f 

[0006] fa7;^7 -»«ift*f^9 tUi-ffiw^sa 
W*^*~ AJ4, rt/U775«f=^/3V^^ hj (S 
AC)X^— At LT*PP>tfCV>a o SAC**— AI4, ;cy 

tiX V '4 T/=« h&ufj&i-artfcl&lTtf, 

S-^sSiffS^TK^ffiSS^wm^tcit^i-a,, 
[0007] ±(OK«ft:Jia J , TcOJicO^y^V^jSa 

tc^ai-aiiS<7>>4< t <»jft3»«xxs'^-i > ^aaLt? 

y ^- s CBPt», ^* < t t>*J3: 1 
©aiy^^TWltt) &m^X=-v?->'?&iM%Z>Wr& 
W4, AttWiftWWl^S'^^ 

^.y^y-^a^^<Dm9im±. mumzmnzmx 
ji i4, L^©i ^kiHtftwroiBnsjuea 9 mtttah, 

J4, 3E{d, TK^tiHg^FB^jE^s, ^MW^ix 
t)^K4e>-f{c3pS(^aJ:5-v-l'i5'a hu^V^Sr 
»^**a 8 ^-y^>-^-ihgl4, M!c x tK^^BW 

g?«n^<Offi!llf iSa: y ^ V ^^icaft ^ tvT V -»a /J»Xf4^ 

y^^^^^e>tb-cv>a^(-j:oT^L<4a(fin 

[0008] flag©* y 5^y*f£lLSf4, ^ v-^iiffl 

«t 9 t>i*ft 9*#v\, fs^.ii, ^bv-y 3y©il$ 
i4, rnxhv, mwt^fomt^n&ote^y^y 



(4) 

5 

«*£-«r*L < Ji*D$-ti:5 C t 5 r. t k38Ji, £*v 
/Co ^*Ui> x^Wx^ft^ig^Ttf^n* f>-^ 
2ltf/XHffi8t*- ^ (RO r i (co 

[0 0 0 9] SffljfttCli, f^7;^i/y*ft©i5 
[0 0 10] 

[«is«w-5fc*«)#ai *»bi±, itf^m 

0(fik)«-pca>ai£U:K>Wtft»«r*y*->'^a* 

i tiott, u< ia % mmm^m(m^mxmi% x v 
*svoxii, m^m^mm^mxmo. i%x b 

tvZ e 30 

[ooii] *.&mii. Wc, <5-\i<"<T%X'<ng$L<n® 

*«Lfc«f*cD->y &t»WH©-SJi 

[0 0 12] ^aT/i^^so'roJJUflS^fcSBfcfcllB 

CH 3 SiH 3 , XliMI^^W->naf-^v % (CH 3 ) 
3-Si-0-Si-(CH 3 ) 3 ro»fbfc ±oTlstRi:»c*lfflcl»«# 50 
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[0013] r^T/^-vv-V(7)^2©iifiS^*ffi^ffi 

CH 3 SiH 3 , Xtihy ^^v-n (CH 
3 > 3-Si-0-Si- (CH 3 ) 3 <pm&- J: oTa*LJbfc:*H* * *k 

mm, mm. s.vtk*^^, »*l<{±'>^< tt^ 
5%<DmmRvm*mx"jtt£< bbm%<v*m$:8n*mtt 

»*' L < li % l/2^ro«*atri/lO*il<D7K*Srg' 

l < jiiKe < i t3 : iroi ^irmm&'&z it 

¥Ru«ii:*aiL^5c$i5{4. ?fc(c, ^roi5?fc^$m^ 
x-oxmmztiz* . 

[0 0 14] 

[0015] mm^wm^y^^^ 

a*^&'< t t3:iTa>ai«sJLh(OWt(*:jiS:3ijx*-V^ 
-r^XS^-^tf. ^*1fef4> afflW^tt, ftkWtfl* 
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tiiM£tiizteEmsntoi£m<»£5tmmm&m ^m^^T^<7>ummm^m<Dmm\z^x+^\z.% 

-7v±*\zMfc-1rZ> 0 *fjg*HM^(c*5V^TIi, *S§ [0 0 191 JBi««Hi«9 f ^7'/u^s/^'JWfe 

tr. *&m\X JElc, «®&K.tm®#gcQio(cM ^^>^gfti43S'>#< irfc3:iT-fc52o<?>Bl£gsLrt: 

«ot, filcRSfMa. ^tt^Kvv^jfero^ 10 . tfx#;*fr£;&., 

^tmz^y^^^^m^^ftm^mmwmiiit^x i\:^s^y^^if^^\am^^b\^^x. ^y^- 

•Sett, ^^^{C&aioT*.— ^^ftT^ ^fcS, 

Tro^msSriia^iirSriJcJcoT^^^^ra^S [0020] 01A£^J8H-5 -/-llay, B£R, 02 

*»2&£*tefr£**. 20 # % XW**Sr&tp*lfikf|ftftaiio, 'xtrv 

[0016] *»w©*ftt±, v^y mm. ms. *>-ismm.m K-^twxwHtt&^&ac-sife^sr 

*^7 f 3 .T/U^-vv'>'^-feSr-%.x.<5 0 ^l{&kSf®fr/l± Witt, ^<y-^gl4Jb{cifKl^tvSo JftlffiMffltftSlO 

•KJioT^ry^-'^SWta. J*WXH3jc*£*a>ftV"» 30 l/2s|eW©«S8Rm/lQ5|^©***r^tf. WmttMl 

«»^**:«^XI4lWBfrf-a r tic<fc DlRWlcsy «fc 5 irJ§l4, Sftv-y a^XttKftS'y 3 v 

^^^ns,, _h{c*i^t-5 0 mi^maiot^y-rsHraw^y^ 

[0 0 17] 'J?f£< kkl%Btfrm.<09m3LUdr&< it V^THRtttt, ifc2:iT?**. *M-^ Hi2 

^y^i/>^lZte^X^X<Dffimfom&-$Z-Z>tz.!t>\-m WMl2<D^y^if^m.<0(p-^<^ b bl/ZXfrZ+fttt: 

a, wmfr&m*m* l< izmzzm-vhz [0021] m* ft&imRv*m^A<Dig$:mztzit>ic . 

mmLtmmitmmx*&tj:<bb3-.i<D^.y'?->'7'm&. m&xmzmmfcmio s \2*mgrz>j3m^^x\-&, 

[001 8] *mwix fcmaiz^ mmu-rtmrnm. x,.mk.i£, ^vy^h^^^^b^x^hn^ v 

9m&s ^Xli^Sr-^triWlWlSraty^^^Xtt 50 5 0 
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[0022] gJl^ffcJilOil, £f£ L < JKI5, 000~^J1 

1212, ^J5, 000~^J10, OOO^J-^^ hn— A<£>J? 

^{Cl±iffii-5 0 ^Sffc/IlO, 12{4. ^vl^^Xtth 
y p< ^Uv^a^-^coJ; 5 ftl*i] DSi^^trfflV^TTIH 

[oo23] mmmfrm&m2mmfcm<7>m%£ v *fc 
RTj&m-- mmx* <t>w& k x. z> y <t 

[0024] 01BSr#fi3-rS £ , * h v 5 * h3U4^— 

fflV>bft£AS#Jft* hUv 5 * M4, t-'^jKv-t^-v— 

5 #/M±(du Pont de Nemours Chemical Company) 
{dioTfigiS^ftfc S"RIST0Nj -CS>S„ * hU-v 5 * h 

[00251 0 lCtr#fiS,-f-5 1 , 7K¥tB£gM22t4, 

CF 4 , C 2 F 6 StK;4F8i , 5ilfinfcia^_h»^x^tf^ 

— ^^-•Sfeib^ffifcftS* h US'* ^OXJiffeco*! - 

* coM^hHt, XJ4;xi4ft!i<753i Lfc^iStc «t aiyn/ 

v-v^n-fc «fc oT* •? Bfctah,*. 
[0026] igiD&^JS-r-S fc» f2V-^ hg24Xf4 
A— Kv^^li,'*spHE«Sltt822±{c*S8[U ¥ffift 
*®I4, aiKBSa8H«|526S:Hfi!5-r V'ft^-Tfc 
fetc^lt bft-5o * h US?* M4., >-SrlB^;-r-5 

S?* h24XJi^—hV.**i4, jSK^s^V^rofH, T 
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[0 0 2 7] BlES^HB-fSi. ftllfttfflilO&tf/< 

r±, r^=*v, co; su'cf^ C2F6. su^^s-tfjaw 
*ft«iae^©^«>a&&*ic c toTfT*teft*. 01 

10 F*#J»-*-3i, SifitB2^MgB26^j5&f5^«){C'ffi 
[0028] HlG4r#flH-*-« » Wc? ^5)V(D <fc 5 ft 

Klt^**^*^{cA«7i^ ! 4ftv^J; 5 Wto\^J&¥R3mm. 

^KW^22, 26|d3>'*— -e/HcitflWS.- 01H&^ 
flBi"«i» 7K 5 PS.U t SiElB2^ga522, 2614, 5Sfc{d x T 

(7>fcfe(''fit5tb-5 (TyU5 — $J*<&3. lmW-cmtit^T, 
*lt 1.7mW-cm-e&5)„ Mtt. ^«PitSr^^f--5fc 

roi^^ii^vvffta^fflv^-cHEaM-*. — ja, ^x 

^S*ft«o 

30 [0 0 2 9] <-^Wft^Jfi^MiCfcV>T{4, 01A-01H 

ftjg_klc, Sli^m^SiOt/^yirSi^cojcy^-v^ 

•So 4t«Io«Htft«i^ ^^y^rJ1^5SiEffi2^gg|5co- 

^•{c^ sr ^ Vj/ $ft^ i 5 lc;< y +J114fcBI LTx^f 
40 ^jyiU?tt^ft< i^2:iT*>Sip(cStfft-5 0 a 
tOWifcflrtitt, Sii[*Bi:S8»ttlM^yir«lc26T-t-4^ 
MSr-**.**:*^ ff*a*#*L<J4J|ftl,0003j->'^ 
h n— J*—%}3, OOO^-V^X h n— ^.-Cfc-So 
[0030] jfKWJBttJ^aT^vi/J^ft 
02A-02H{c:^;^ft-5{tbro&* LV ^a7/^-7 

jfe!4, 2o<^Sk^a;i$S42, 44<7?raT-^2/^>'j/^ahg 
50 *SHtW»c:«*:B»fls^«jSr&'**v^^«>i: 
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[0 0 3 1] 02A£r#{KH-£t. »lfiW»«<*»42Xtf 

Sl3<£k^mft:g44li, ^f^V|£k^j$±(K-7'L 

Srfcotfyktfy v-y =j Vfb^tf^fciCfc OiftfitL/cCV 

^Sf*^40li, $J* L< fcfc, 'jBMrCilwfe < i fcil&5JM> 

tf|g3{gk^;f*Jl42, 44t±, ^2^Sft:S40{c:^**V5 
^w2/3^ro^^X{ii/5*riS»7K^, L< tt, 

i/23i5«ro«*fttw/io*wio7M(jsrSrtf. m(Mi4 

2, 40. 44ft, 4fcM#JtCf2, &ffiftfcm50<D7 

[0 0 3 2 1 * h U-v 5 * hM^LVt^— K^;^Jg52ii, 
l$m{*S40, 42, 44©i;*9 0>-hl;3B8lU Mftlt 

[003 3] Jgl&tfftmKttS^ 44Ji, » * L < tt 
jS£J5, 000~^10, 000^->^^ h a— A CDlf! £ {Cit^r 
-5c ^->^V^itJi40li, #SL<f3^500-H&l,000 

Jg42, 445.a^^^>-^Ji:Ji40(i, sJBSS.TJ'XJim^; 
U"</u&T<z>glM-f2® «fc 5 icSfcft:*** ZkX 

m^mit^^m^^xm^^r^^xmm^mxh 

5o >'<y-VJg46^^t;->'y ayfwt^ ^y^rgfiH 
[0 0 34] 02B3:#l$i-<5 h h52 

- >t&kvnzm^ "bttSo ®s(b^ y = >mM&t>tiz * 

SW4*h^ Ml Tristonji t\ t^tK^x^^— 

5 ^7yWtt(du Pont de Nemours Chemical Company) 
MXlbZ 0 *hu^Mt v.SrWfiftf Sfca6li 
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fflvMbft, hTV**— ^1&&±\^tz.m^v 

[0035] Hac&aws-r* t, fiEffia^a554{±, 
wc, mimmmkmm$m&, 44, {Sk^y^^ff 

Jt/i40, S.^<y-rS46^{c7^n^— -m^xM. 

m •■ mmx * * *m^x*-y3-y?& 

10 14, £j£L<ii, Tyu=iV, co, .Rtf, cf 4 , c 2 f 6 , .8. 
tfftb roars *^ a -fe x J: o T <0 . 

[0036] 02DSr#fi^-T5 ^2U-v?x hJi55XI4 

w-v'x MXI±^- K-^x^fi, MiIIJS^^-ChIi^L 

[0037] 02E£#48-r3 ^3^ft:g44l±, Bfc 
ic, 7K¥taH^icgl556^T-f-57t4t>lCim^-hW7/U 

V^JtS40{-B8bT'>7fc< i t>3: lWilWttS:#xS 
7t*IC TA-^VtCF^ CsFe, SWaFsi^StfnT'c.l 

jtf^li. 3: ; x^>'^ihS40CO^y^>'^iSSi53l<7 t c e 

40 L<!4, aaf/^JTry^^n-fe^, 0ijx.fi, ^ 
[ 0 0 3 8 ] 02G^r#fl8-r-5 i , Wet ^ZjW ± 5 ft 

jg#jsv< y -ir^ssn, jifflw v- y 3 vxT//xttBWn* 

-So 02H^r#jf.-r-5i, TK^t^SEffi 5^8^56, 54 
li, ^liyfe^fl8(-fE^$nT^6J:5(c, Tyu 

50 ft»Wm60»dJ:o-C3te«**tao 
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10 0 3 9] ^^^^a-fe^roS^tt^CT. TK 
[0 0 4 0] i-mfottmMMmiC&^Xtt, 02A-I22H 

-^<d=c y f-y ^ih40f±, o i <o v ^ . 

'&&<nmm.frm42±\c*m Ltcmt yv=* >-xi*^b y 
y ^ysx-i>^\ fe&<n>mm.wm42.&+ftK io 

[oo4i] mmmfrm<n*m 

yyg&Tx-mm \.itmmm.&m<r>=- y ^-yifm 

SXf^bv-U =tyS±mf$.£tiZ>xK'i/*yxtecvD 

[0042] jf 4 LVHBkSMtftStt*' ^ ^)Vyyy, C 
H 3 SiH 3 , v ? * i 3vl'S'7S i \ (CH 3 ) 2 SiH 2> bDJ^yy 
>\ (CH 3 ) 3 SiH, 1, 1,3,3-T 1 ^/^-Y v-a^ 
>\ (CH 3 ) 2-SiH-O-SiH- (ai 3 ) 2 , XII h V * TVU-v-n =3f- 
f-V, (CH 3 ) 3-Si-O-Si- (CH 3 ) 3 co <£ 5 ^C-H^-g-^C-Si^ 
&<nmjf&^r>3rjujj / sxy rj^-fb^co^btcioT 
o< P>tb5o ^-fbixy =rymn. f4R£gc$e£it:<5fcA?> 30 

tK<^) J; 5 &tn* fcBWfctf * \z. <t o T^-fbi-s rtiao 
t, ±t«<z>ra, faim.'mj) i^u-tm* fc^-s zt\c 

[0043] m-fb->y =» vxw^Hbv-y = ^icaoT 
time*, {g^y^y-H^ng. & 

ii^{b->y ^vjitt. 7°n-fe^^f4={cfcit5^fb{'<to 

Tt>*Slc»0 BS»>ftftv**KiWc|fc* Sr£tr v-y = 
Ty— (aryl) S<7> i 5 fcC-H^a^**^,, 

[0 044] ^ 5vU v-7 y, CH 3 -SiH 3 

*y**f-)Vyy)s, (CH 3 ) 2 -SiH 2 50 
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h V ^ tVU V, (CH 3 ) 3 -SiH 

y byt^j^yyy, (aj 3 ) 4 -si 

v?y- f-fryy yi?$-—JK (CH 3 ) 2 -Si-(0H) 2 
^^yl'^V, CH 3 -CH 2 -SiH 3 
y x.—fri/yy, C 6 H 5 -SiH 3 

'Jyx.—jvyfy, (C6H 5 ) 2 -siH 2 

■^x^-zyV v 5 vK (CeHs) 2 ~Si- (OH) 3 

y. *f-j\,y^— j^yyy, C6H 5 -SiH 2 -CH 3 

VsyJ *$y^ SiH 3 -CH 2 -SiH 3 

h** ( y ;)*?y, CH 3 -SiH 2 -CH 2 -SiH 2 -CH 3 

1. 2— yyy J*.$y, SiH 3 -CH 2 -CH 2 -SiH 3 

i , 2- tr* ( ^ f/u->7 y ) ^ ^ v % c« 3 -siH 2 -ai 2 -cn 2 -siH 

2 -CH 3 

2^^^/^/^, SiH 3 -C(CH 3 ) 2 -SiH 3 

1. 3. 5- K y 4, 6- h y ^ ^V'V. -(-SiH 2 CH 2 -) 3 

1, f^v^v-n df-^V, CH 3 -SiH 2 -0-SiH 2 -CH 3 

1, 1, 3, 3-v 1 h7> ^VUv?v"n (CH 3 ) 2 -SiH-0-SiH 

-(Cfl 3 ) 2 

MJ^f;l'v'c#fy < (CH 3 ) 3 -Si-0-Si-(CH 3 ) 3 

1. 3- If X ( 7 t< f- ->n dr-th v % (SiH 3 -CH 2 -Si 
H 2 -) 2 -0 

t"^. (1-y ^•yWv'v'n =3rf-— /U) y ^ V, (CH 3 -SiH 2 -0-Si 

H2~) 2~^2 

2, 2- (1-y ^v^v^ndf-^^u) yn^y, (CM 3 -SiH 
2 -0-SiH 2 -) 2 -C(CH 3 )2 

2, 4, 6, 8-v 1 by* ^-jvy^ a y- b y v-n df-fy, - (-SiH 
CH 3 -0-) 4 -(St^) 

X-f-PJ^s^yfay byyu^-V-^, -(-Si(CH 3 ) 2 -0 
2,4,6,8, 10-^.y? y f-f^y^ a^^e^ndrf-^, -(- 

sira 3 -o-) 5 -(St^) 

1, 3, 5, 7-7 1 h 7 v-7 7 -2, 6- v 5 ^"^ iX-4, ^ UV V 
- (-SiH 2 -CH 2 -SiH 2 -0-) 2 ~ 

2. 4. 6- K y yy yfh7tKn fc°9 V, -SiH 2 -CH 2 -SiH 2 
-CH 2 -SiH 2 -0-(S:R) 

2, 5-^9 yfh7tKc77y, -SiH 2 -CH 2 -CH 2 -SiH 2 

-o-mm 

[004 5] Ir/V-US i/!)3 W^ft, 0* L < 
^(coz), /3.tf7k(H 2 0h »*L<{i0 2 XtiN 2 o<oj:5 

t£<b to. Mcft 5£? (cS/S r i J: 9 , ' *KI 

^jB-^p^(cg|.fb^tV'5o mit^-^yyv aymom 
mmte. if*L<{±mo^TT-fo-5o mc^r/^/y 
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[0 046] ^-yu-^y ->y =wb^toii, tt&ta 

[0 04 7] jr/i-Hj v-^VXfi^Aotfy •>n^-^^cf> 
o#Hb7K5if &I4, gfcfrftlC 7 y * ttT C-HBrfi-SrC-F 

tta-fcaafe-ra r t *. ' u s 

yj&invjj; fuWsfti&llNBiK {4, rfrSg£tra^ 

[0 048] lt«Lfc«{c*5VNTM* LV»«***«:3t 
14, #SL<I4, ^te«#Hll$tfaj:5#«3;fta. 

So SMWb^*Hu.*fc, ->y = >-^fir"fb^*<DauE«) 

»0>*M»i, MMWXIiKfi^-CfcSo #*L<{4, -it 
'flR±, oiffi^-ir^-trt-Cfffttorba^ JU4, ffl 

is!) =^Ji<oJft9f(0|B, S«l±^-20 < t:~^400 < CwiB^ 

tl<So 

[004 9] HMb Lfc^vw;* y j/!)3 vflj-frttri, imx 
TS» lOtfC-HKHHTC. # * L < t4i^400t: «t «? JiJV 

■e<oautfc«fb**u JB0v<y-fi«**5&j&fW-a. *t 
[0 0 5 0] *jBw«D*jfett, mssm&titsmk -wr 

Lfc>*ysr£*, y^eyti, ^/^y^^vxti^ 
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[0051] mmLtcmit-yv ^m<T>^y^<f\t. 

. XeEB49np%5, 843, 847-5§-{c|E® * ftt V n 5 «fc $ *ffetE«> 

#y 7*^— y^vyT-fj-i K^fUT^ 

10 Xtfc (Applied Materials, IncJ^ibA^igftlPS^ 

[0052] 3WBW©»wtt. ^woufb^y 

[00 53] AftM^CCVD^X-r UT^^^nt^ 

20 wt'i- hfls*a*t^*y ^iio©«wffiH-t?* 
So yr^^nott, y^h*— ^ii4lcJ:oT**>irf 
tvX^Tff 5»*t*«E3a*7*i^- ^XI41^-ir7 , ^ 112 
iJ-B^ftT V ^ S mWLte 7 (B^ $ JVC V >?fev >) 

.^Sr5Mft****:ii>«>^^MET=*— Kill** 
tfo ^aAv-^-rAdg^^ixTv^v^, MWWi 

S tc McWti-f btix h X v \, ^ Uv ^jvii; >-|4 
30 ^^T'fe5„ 

[0 0 5 4] y T^^ 11014. 1£*t»PHfta^yK0^$^ 
TV ^) XJ4^^|5 7 Zsym^ZtlX^to ^) * if{c i 

H3**HH-t-«fc,' -!>~fe7*^112H:x i^-fe^l^CSO 1 -^ 
•feT*^ 112ro±Sic^^ttTV ^ <?^^) i5T/T(7)P- 
X'T ^^/t7n-f^ v^fiBi:JiW?=*— A- Kill 

*v« <t 5 i'^^-r Ali3±tc© 9 ttU- e>tvS 0 
[0055] V±7?U2RXf$^^frf&m&MnilZih 
40 Si #^(4, ^117i*J5W:*tU 7°n-fe^ 

Kl24t*5{C^^iXSo ^O.®^, 
*— Klll{c»SALfc^}4. 7^^*B{c-«Kc^ 

132(4, ^*>-s<frb(OtfX<D&j3j^&fflfflrrZ<, 
[00 56] yv KllHdSEftf aiW^ *Bfifctf 

^RU^y-f^tt, ^9W>118SriBoTiEr*i,5> 

yu'Kin^iSfetta. ffitcwv-r^D^T-yy ^— ^128 

I4 S ^b^^W^S:^Sti-SiiAPc0^yu^-&^^-r 
50 SyS:*ic^b^^<oaA^7-rv±}cfirSL#So 
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49 °feTy\) tr— 0~6000W4r^-f5 o — 
llSfi, (i)^rw<^^n-fe^^9}tSrii(i6<j 

^ trfHiJ-f-S -v ^ 7 n — =i >- h n — 7 ( r ^ t ^ 
[0 0 5 7] y Ti?^110T'ff^fc>^-5±tS7°D-fe^ 10 

Jix jai^sas^sd^-fe^i^^fi^tv^:)/!)^^ 
^ ki 1 1 iciffrtoj LfcWBifcMvM?-- tc «t o x 

<?^\zmm^XJ&l$.£frZ> a *fc, K«iWt*tt-!hfe. 

iSiV>Jl^(RFl)-C^ga^-^-yl.K HlfCffiTJ&flMS 
U 360KHz<OfiV ^^Ife (RF2) "C^ir -?9 1 l2icm7J&tfc 

SL< li**J20W~^)500W, L < }i20W~^j250WT' 

i3.56mhz <n^m$Lnfi*mttZo -fenfem&mji 

£?£L<li, ftJlOW—^EOOW, 0*L<J±#j2Off~Jj$ 
100WC13. 56MHz eDJMHHtt* {£S77±£« 30 

if*L<tt, j^-2o < c~jKi4o < t;wja^i6ffl-cer 

[0058] ^fbv-y =vJi«>*t9rT?, ^RMJCS^Jg 

tt, 13.56MHz ffiJl^^S^MSLtm®-C*«J4.3~10!7 
;> Wari z <DmJl&&.X\ i&300~700!7 s/ S&frtflDU 

v-y 3Wfc^t<fcoT^:"<F^:/9X-7:§r 
^■^5o SiCWitfllcorax g^ffi^J±#t!200T:~40 40 

VW»fe£j±, $j50~200scciik ^y ^-kXliTA-rlVSfc 
itli, ^200~1000sccm, ' ^ >v<JEtt, &j6~#J10Tor 
r, iB^i&STJteU ^400^60017 5/ mj]&Jg. 
fi, #35. 7-8. 67 y H/cm 2 . StSSBagli, ^1300^ 

[0 0 5 9] AMftiCfi, fcfe#-5XJ±£TCQ^>v< 
#SE^— A-Klll, lHr:/*112, SO 5 
^ncfl&oy T9?^— K^TIi, TyuS.^^^X<± 50 
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WiW$LikT;u * - 1? K(D J: 5 o < (bft.5 0 CV 

Dyr^^^ip/^JJi, Wang£{c3gfr£*l*3§<E<Dlg 
SATfc^.TT'v-l' KvfyT^Xt (Applied Materia 

is,inc. )(cgi2t$tv7t^cvD/PEcvDy r ^ ^s.uf-^ft; 
fcfetf^a^H^sgs.ooo, ii3-5§-{ci3&£*v-c^ 

[0 0 6 0] ^114fi, tim&m.hZ'DTV) 

t7^^«teB^-Cf-^-<^112Sr±T$-ti:-5o ^~ 

>136{Ci?7toT->^v 1 A=i>' hn- 7l34ldJ:oT 

t/T-fc-S ^ * y 138{CfEtS£ *VO ^-5 v-^-r y 
7 M7^T{'J;o-CllfT$tl/5v'^7 L A=i>' hn— 913 

JKV^132©^ n y N/^^U^St^f"^^^ 112SrgEEi- 

[006 1] -hfEcDCVD^T 1 AC0|£^{± x ±(CCT^CD 
3t 9 , W^pH V«^*qfe(ECR) X-vCVDt* 

[006 2] m&^v^fticmMLitmmm&n*- 

^ i J: •? M»$tb*. *Uc|E^$tv 
TV>«$f^LV^m^:JlA-DC0Si-CH 3> Si-H, 3Z.ti, C-H 

t/^3^*ii, m^m/*— t^ bxmucmznx^ 

Z> a 04{Cj3V^, A-CJi. 34sccmro^^Pv'7>'»StSr 
Dtt, 68sccmO^SSS:S-t-o ASU^Dti, m7JW< 
/U80W(Ot>WT?x Bit, ©7J U^I^300W-C, CJi, STJU' 
^/l-20Wt i fcS <> ^A-D^Jt^^-tirSB'J^f+li, *1 

[0 0 6 3] 
[Si] 
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-110 7 8 9 



*42r 


A 


fi 


C 


D 




34 


34 


34 


68 


N*0(sccn) 


360 


360 


360 


360 


He(sccii) 


2000 


2000 


2000 


2000 


«*<W) 


80 


300 


20 


80 


MM(bII) 


320 


320 


320 


320 


BE^(torr) 


3.0 


3.0 


3,0 


3.0 




8 


5 


9.5 


10.5 




5 


0.3 


2.5 


3 



[0 0 6 4] M^^y^-^^a^^RXI^r^ 
98¥l2J3 1 B^fT»*@#fF5, 843, 847-*§-fCf£&£;ft,-C^ 

^^^.SrSr^T-v^S. ^y^^ym&m*, 20 

[0 0 6 5] iBrattro^^^XOfc^WRafS: 

H8lf:KR^URiWi9^fttl]^08K 

^TcterK^ib^ y*f-^?& hit y 4 — ^-r<£*®_kjc: 

^{Cg-*tbTV^t#(C, {Rlllro^s^V^^ffilPfi 30 

[0 0 6 6] 0514, 0)Rf4\ T^-f hN-f!i7*X 
tt(Applied Materials Inc.). *^7d"/^7ttlty^ 

'^ZLS^ -V V <140 Sr^-T S^^-g-Jl5^^ , 7 X-v * 

[0 06 7] H5fcjr£*v6:=y?->'^*>v<tt. ft 
S»#JK:»4, j^l50mTorr «t 9 /h * V.\BE27fc& -5 «fc 5 icJfcEE 
StSfis toS^-vv^MOtc^^ttSo ^ 

.a o K#¥ffl**3*rr*4» ltv > -s y-r V^14 

4, 192^rt07 :f 3.ryuy uy^C K=i^VH42, 190{dJ;o 50 



[0068] #yg^v^i40fi x PJfiS^ijigisosu 5 

^#152{C«toTffl^tuTV>S 0 fttS^HOrojgCO^ 
*:?;H54f4, SKl56^r3tx.TV>5 0 #L311^-W^140 

^IROfflXyT^STH^^SieO— tm?i.£tlZ> a miG0(D 
rt«»±i if * L < I43c&i0£> -^leOAT^iT*) £;ft,T 
l^-So S4£C0i§8gl58i4, {BSi^l50(7>TiSl50At x ^7"*^ 
^/H54SrffltHiV^T<OSl62ICi-oTli)^$^-5o -? 
nirxtfxfi, l£Ui(0^^gI5164A-CSriioTtt^ 

[0 0 6 9] ^(Dyuy^ 4"*:^ 
£f t — 172£rffltf^i7 i?^^l66<0^ «J {C^o^T 
V>-5 0 Ml7°5X^2gig^ii£Sj8Q68{4. 'rtif63-</H42 

5o ^— (DmmmM^ *y°v •y-fm^m^^x 

^^^^^{cg^LTV^So /•^ayv7V7 s COJ:5 
7SJ5*ft-^-172li. ^#<£>iM»£*VTWjH<> 

174H3?#W±*-(c:fe-5o 7^.17514. ^-y^v^^ 
\S2±j5<M$m-7\, — hl74^@^f-S 0 lS^W$6^(p](73 
7<:i75AI4, t— ^— X{47V7"l72?r5t?)-ftit5 ct 5(C 
h-7^175^raioT#^TV>5o ?c#W?aSfi, 

^mimi73^, b-y^n5t^^>-^m52<D^ii: 
h - 7 x 175 1 ibMy* h 1 74tf>RBs-gae $ n-s „ 

[0 0 7 0] ^y^f^ny>7V7*roj;5*tW 

t-^-i77f±, ffiv>i#Ty ^^i62coTi-iae^^ se 

178£iiLTU >i/$r*n?^i-5o V >Sl62V>mj£ii., V 
V^162rt(7??Ll62AF fc 3{C#U ? S Zl t^tt^lS-feyf 

[00 7 1] ^X-^KCii^^lSO, 18214, 

60AI4, »^L<{4, Sl60{CAS^^^>SStt*y-7- 

oaimizhz t>^^ y M84I4, V^^BiX*) a\c^ 
^i"5o 
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[0 072] ttmomyf-^trfu-zxit, n^y? 
^?mMJki$&^(omn.fcm<omm^wm}f£=- y^ 

mm) m^(o^®mmmh&&£-t?) 7a-=*vx 

[0 0 7 3] -7)\>Jrxij]— iSlsjJ^ML^ S^JiCD^m^: 

£k #!lx-fc£, CF 3 , CF 4 , CH 3 F. CHF 3 , CH 2 F 2 , Cy^Fg, C 
2F6^ C 3 F 8 , C 4 F 8 . C2HF5, StK: 4 FioT-$>5„ — MM 

f±. CF 4 , C 2 F 6 S0 ! C 4 F 8 ^AyT*V>5o 

[0074] «*:aw^i±, &tiLh\z.^mmmm 

*^^fcbrtt, 0dx.tf> CO, HC00H, HCH0 s ROOfed* 
[0 0 7 5] ^^Wtf^li. CFaV^/K^— {Rt'E 
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4^fa{ai600~900nm/#(DiSSV 3^ ^>j£g-C8IS 

tAJBVfJI ^KL*-r-5 BWflcSr^ y y^if 
if 4 7 — * «>fllHfcSS«RJi«?R«(Mi ©ft® h 

wmzfrz, m*v>*-y^ing®!&., ^-y^rmm 

[0 0 7 7] $f*L<li, Sffc^-y^V^^tt^.^i' 

— <Dmm±(D^mmmm®}**'< y ?*7-rz><< 

30 a^x^(7>^Sr{Eii-r-5^^— «f»®c&J5 5 , fib' 

VN5^{-^So 

[0078] j^^rwro^t^y ^m^y^f-t 

^,00, SlIKF 4 , C 2 F 6 , C£ 9 £.«)W!£fo-fc.lWZX±L(n>jJ 

a^^^cO^a-Cfi, (i)jgLfcCF 4 CO»fC3tl2. **J0~ 
^J80sccm, 3EK:jif* L< (±^20~^J60sccinT*fe «3 , (ii) 
^ LfcC4F 8 ^3$i± > 3$0~#*)40sccnK }E{-&*L<{± 
i^5~^30sccm-efo'3 , (iii)iiL^:C0W»fc5${i, 
50 J^200sccm, 35tC^ L < li^20~^150sccmT-$> >9 , (i 
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v)jgLfcT/U=f>CO»ffc£ft, 3fr50'~#*j400sccm, 
*L<li*<Jl00~*t)300sccm-efc^) o H8Seo»fk£f4, f-*? 

[0079] m >?-mfo±co&$. L^mm#mwzm 

I4$£* L< J±^10sccm~j^j80sccm<7)iaeU:CO7yU-^-n 
^tfX&tJ 5 , ^100sccm~^200sccm(O^:^ 

LV\ 0*LV^^yir^{i, *tll00sccm~*tl300sccm 
<DT/l>=t>-V&,Z, a 
[ 0 0 8 0 1 8-T Vf^fS-k©*?* LV^S&JS^COtR 

#-5» &*LV^-y y ir^(4. $*)100sccm~#*J300sccm 
[008 11 ^WW^y^V'^n-fe^W:, ^-yf-y 

i4, TiabsttRltJi* ttsk^y-wi* swis^y:*^ 

^ yf-^ymSLn^^ if □ a— r-V isfWiRtt* 

It, 3:y^->^WW4asfiT-*-a. 
[ 0 0 8 2 J ttfF^rottHOftl&frfMF.Rt'S *>0>T»l± 

[0 08 3] Hi£#Ji 
HSHWli* ^yi>^9 V/I ^ :"<JE3. OTorr&t/ifig 

T-fH K-^-r y T/UX?±(Applied Materials, In 

SR-fciciMt-ra. 

34sccm»^< f-jVi/'y >\ CH 3 -SiH 3 . 
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360sccmO— K-fb— N 2 0 
2000sccm^y £J* S He 
[0084] StEli* #*#6E->^ ?—^y Kd^320m 
i 1 {CgBB * *U 3OOW0iNffl&9^$H127 (13MHz) 

ft* 5 >«a>*H»«:Si*a -fy x-v v — — y 
±«\ jsw-i-tsi&io. BxcoiiafxtJw^'mTSB^Ti* 

10 ^trS&^-ffcy ^ vjf #80W<7>m7j w^-eNM! 

£ft-5o ^2jf£Dip:£j4, d>#< ifc 1000^- Vi/^ hn 
-At?^5„ Rt, ^^/l->7^tr34sccm{cTff. ft 
5%rojK3fc£.tfO. Sri^S53iWb* ^/US'? vJl 

^5®^U"</P300W-eit^^tv5„ MS3JiO»*li % 

< i t>5000^->-^ hn-A-CfoSo HI^Lfc^^g 

It, 9*»TyP^^^Kt<0^y^->'^<Ofc*|DBBS* 

[0 0 8 5] 16*©'* f> y y^57-f- ^o-fe^T?!!, 
20 JjNhU-^h, #Rfc£, fa*yT*v-^iri*^ 
(du Pont de Nemeours Chemical Company) SJCO fRISTO 
Nj i>mo. 4~*5l. 35 ^ n^roff $KiJK3aWfc^yi''>'9 

it x uj?^ hic^-rr iici i9 7^-^^(DMSLvvf# 

git, TfE»*cD7 , n-ir^^Srffl^rT7'7'f K-^-r 
y T/uX?±(Appliea Materials Inc.)$!jroiPS ETCH^^ 

30 20sccmaX4F 8 
40sccmaXF 4 
150sccmCOC0 
2 50sccmO T/l' VAr 

[0086] — V^^E^o/^V^^-V/^ 
fiflg^^ 5 JV±_\zWtM. L, 5 L -r>'^<Sr^30mTorrWJ!E 
^7 (cjt^P L-fco 7*9 X^? 14, 5^)2000 17 h <7D^j u><yu 
T-Ta7/i-yi/y^ K=^yMcRlJo^ix/ciS5^®E{ii 
ioT^LTto lOOOW^MT^^Sr^®^^^ 

y [7Aw»fe}x§:fflv^T, -lotic^xitin^i- 

S, ^i/^V^a-fe^|4, ^3^-(k^^/l'V'5>'g^ 

5!f X^4lc i 9 30mTorr-C ^ -f T COct y ^ V^SrMlt 

0sccmCOC 4 F 8 
60sccmCOCF 4 
150sccmCOC0 
50 250sccmCOTyU=f>' Ar 
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[0 0 8 7] ^s^y^nir*^ USSBkK.^ 

o7t„ Wc, ^s/^>^§:TIEK)^ij|ft{CJ; 930mTor 

2Osccoi0X 4 F s 
40sccm<7XF 4 
150sccm<7XX) 
250sccmG9T,^=*V Ar 
10 0 8 8] a; s/^V^nir;*. Sr&lgtflS* *}-)V~/y 

20sccm<7X: 4 F8 
40sccmOTCF 4 
100sccm<7X» 
250sccm<DT,'l-'=*> Ar 
[0 0 8 9] ^s^V^Vo-ir;*^ 1600WCD 

[ 0 0 9 0 ] ^ 3/ £ tvfc £ ^^SEM^KSrffl V > 
* h h^S'^^W^j/'f-^^il^tt. (iii)^ 

'Ptt< ifcl5©JMi.5»IJ&St*Jfi^ 
&2. 0gM?l 
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aaaMfto. 25 5 ^ □ v^fcaue u . * yf-^ 

[0091] h Ui?* hSr s &{C, WSfi^^ 

10 -rz>iax*m?mi\^y*?-^y£ftz> 0 

19sccmCDC4F 8 
Osccm0XF 4 
OsccmCDOO 

lOOsccmCOT/P^y Ar 
[0 0 9 2] ^^S:, M^JV^<^*>J1400WTrfe-5 

[0 0 9 3] tL<lt hU^tf^s^V^fi, 
ji>^<nmts &%-fz\ irCio T20mTorr <75 £ 5 ^iSiJEt? 

ttr, wzmt* ^ >-j§_k<offEik Srmni- Lfc 

30 [00 94] ^s/^y^nfc^J^GDSEM^KSr, W 

[0 0 9 5] 
[*2] 
leDjcy^y^ttSI 



» I tf-r fS 2 SB 3 QE 





T 


7 


T 








750 


1,200 


750 


1,700 


2,400 
















3:1 


3:5:1 


3:1 


3:5:1 


1:2 




±10X 


±5X 


±10X 


±5X 


±6X 




-X 


10X 


• -x 


10X 


15X 



[00 96] Hi 

t<OT*fc6o &co«fcp{c, m 

[0 0 9 7] ^l^tTEOS^^r, Tfc<D V T ? f icMtl 50 2000sccmro^ U He 



&teBti&fetfXfrt33. OTorrO^^- y^<JES.O 5 350 < t;coM 
SXTyyA K-vr II 7VUX?±(Applied Materials, In 
c. )M<DDXZ^ J r>'<><ftl,znW.&tltc.8'ly?-i/V ayl 

40sccm<75TE0S, (CH 3 -CH 2 -0-) 4 "Si 
360sccm(73^^ % O2 
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[0098] mm-i, tfaQ&i"r*7—*"y Ki»6320 

z) as, jR^ar?i%^ro^&tJWHtro. i»*sti<7>* 

■^•y K{cRWp$ns 0 gco)f:£ii, >pta< itsooo^:/ 

[0 0 9 9] ^a.TA'y^-y^limiOxy^^ti. *t 

at l fcTEosg ^ rosaiia wgffi& zmtitr % it » i 

15sccmCDC4F8 

20sccn)<DC2F 6 

OsccmroCO 

350sccm<£>77l«'=*>\ Ar 

[0100] T^w&fbv-y ^vsco^s'^v^^sia 
awsttzftunz tv^.i4oow<7>iS5ji^a^7fc«fc ox-?? x 
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[0101] Jafcli, *&Hco^&XtMHS£H-rS 
[HiB<z>fl!¥tttt9n 

[01 A] 3W8Wro9'=LTA'y'v^>*BaW^Mfl* 

[0 IB] ^W^aT/U^5^>^tS0BWE«>»ll£- 

[0 1 C] sWWrof'aTyu^^^^raWIWEOjBl* 



»ejiB*:*-f*fffiia-ea>'3. 

[BID] ^WW^*aT^^«>^tffliWe_«J»i3fe 

is ie] ^RMo^^Tyu^^visawiffwwi* 

[01 F] *5BW©5*aT^^^>itt?WBff«)J(5ll6 
[0 1 G] •*»Wrof f aTyp^-r^>^tSMHrt!«>JBll6 
10 [01H] ^8TO»9*aT^-r->>*taBIW:«)JBl* 

[®2 a] *m\<n?~Tj\s?^^smwm<r>mn 

[0 2 B ] ^W©^»TyU^S^><itiBB»i»<0»2* 

[0 2 C ] JfcJBW©^ 7VU*V Vit^Rff £>f&23l 
3S^flg^-tWE0T'fe-5 o 

[02D] ^■wM<D7 ! ^r^^^^mmm<D^2m 
20 [0 2 e ] z&moyf^rfr?^*/ v*w»w*0> jf&s 

[02 F] *»W©f , =.TyU^"V'>ViM»IW ! «>IB2SI 
[02G] 498^^3. TyU^^Viimil^^^Sl 

«0g«i**iiWiiiBiT?a>a.. 

[02H] ^^^^TyU^^ViiSDlR*^^!^ 

[0 3] ^wro^Kttor™s^fc*fl«i'SccvD 

30 [04] ->!)3V, .Rl***Srgftf4o0> 

[0 5] *389|0>^^:^;/^ 



[01 A] 



[BIB] 



Kiel 



20 
— 12 



—18 



[HID] 



23 



16 



IH2A1 



-22 



[01 E] 



20 



— 10 



-2* 



—22 



~ —24 
— 12 



HTTT 



— 2tf 



-24 
-/2 

-/0 
-J4 
-J* 
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[01 F] 



22 

—26 



JQ 
74 



[01G] 

28 

L 



-jo 

14 

—18 



[01H] 





30 

i 


28 

I 


30 

T— 1 " 


2t 




-22 








t 






__L^J 



u 



102 B] 



[0 2C] 



[02D] 



40 
— 42 
46 



54 



— JJ 

—40 
—42 
— 4ff 
—JO 



33 
—44 



40 

—42 
45 

— 30 



[02E] 



[H2F] 



[02G] 



tt 



55 
—44 



40 
—42 

-50 



— 56 —36 J 

f 1 i 


-44 




—J 


6 










— 59 
—44 

—40 


—54 
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1 Title of Inventtcn 

INTEGRATED LOW K DIELECTRICS AND ETCH STOPS 

2 Clains 

1. A process for depositing and etching intermetal dielectric layers, comprising: 
depositing a first dielectric layer having a dielectric constant less than about 4.0; 
depositing a second dielectric layer having a dielectric constant less than about 4.0 on 

the first dielectric layer; and 

etching the second dielectric layer under conditions wherein the second dielectric 
layer has an etch rate that is at least about three times greater than an etch rate for the first 
dielectric layer. 

2. The process of claim 1, wherein the first dielectric layer comprises silicon, oxygen, 
and at least about 5% carbon by atomic weight, and the second dielectric layer comprises 
silicon, oxygen, and less than about two-thirds of the carbon contained in the first dielectric 
layer. 

3. The process of claim 2, wherein the first dielectric layer is etched to form vertical 
interconnects with a first gas mixture comprising one or more fhiorocarbon compounds and 
one or more carbon :oxy gen compounds, and the second dielectric layer is etched to form 
horizontal interconnects with a second gas mixture comprising one or more fhiorocarbon 
compounds and essentially no carbon:oxygen compounds. 

4. The process of claim 3, wherein the carbon:oxygen compound is carbon monoxide. 

5. The process of claim 1, wherein the first dielectric layer comprises silicon, oxygen, 
carbon, and at least 1% hydrogen by atomic weight, and the second dielectric layer comprises 
silicon, oxygen, carbon, and less than one-fifth of the hydrogen contained in the first 
dielectric layer. 

6. The process of claim 5, wherein the first dielectric layer is etched to term vertical 
interconnects with a first gas mixture comprising one or more fluorocarbon compounds and 
one or more carbon:oxygen compounds, and the second dielectric layer is etched to form 
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horizontal interconnects with a second gas mixture comprising one or more fluorocarbon 
compounds and essentially no carbon :oxygen compounds. 

7. The process of claim 6 f wherein the carbon;oxygen compound is carbon monoxide. 

8. The process of claim 1 . wherein the first and second dielectric layers are deposited by 
oxidizing an organosilicon compound. 

9. The process of claim 8, wherein the organosilicon compound is methylsilane or 
nimethyisiloxane. 

10. The process of claim 1, wherein the first dielectric layer is deposited on a third 
dielectric layer having a dielectric constant less than about 4.0. 

11. A dual damascene process for depositing intermetal dielectric layers, comprising: 
depositing a first dielectric layer having a dielectric constant less than about 4 by 

oxidizing a first organosilicon compound; 

depositing a second dielectric layer having a dielectric constant less than about 4 on 
the first dielectric layer by oxidizing a second organosilicon compound; 

depositing a third dielectric layer having a dielectric constant less than about 4 on the 
second dielectric layer by oxidizing a third organosilicon compound; 

etching the first and second dielectric layers to form vertical interconnects; and 

etching the third dielectric layer to form horizontal interconneccs under conditions 
wherein the third dielectric layer has an etch rate that is at least about three times greater than 
an etch rate for the second dielectric layer. 

12. The process of claim 1 1, wherein the first, second, and third organosilicon compounds 
are the same compound. 

13. The process of claim 12, wherein the organosilicon compounds are selected from a 
group consisting of methylsilane and trimethylsiloxane. 
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14. The process of claim 12, wherein the second dielectric layer comprises silicon, 
oxygen, at least 5% carbon by atomic weight, and at least 1% hydrogen by atomic weight, 
and wherein the first and third dielectric layers comprise silicon, oxygen, less than two-thirds 
of the carbon in the second dielectric layer, and less than one-fifth of the hydrogen in the 
second dielectric layer. 

15. The process of claim 12, wherein: 

the second dielectric layer is etched to form vertical interconnects with a first gas 
mixture comprising one or more fluorocarbon compounds and one or more carbonroxygen 
compounds, the first gas mixture comprising a total volume of the carbon; oxygen compounds 
thai is greater than a total volume of the fluorocarbon compounds; and 

the third dielectric layer is etched to form horizontal interconnects with a second gas 
mixture comprising one or more fluorocarbon compounds, the second gas mixture 
comprising a total volume of the fluorocarbon compounds that is greater than a total volume 
of carbon;oxygen compounds. 

16. The process of claim 15, wherein the vertical interconnects are etched with gases 
containing carbon monoxide and the horizontal interconnects are etched with gases 
containing essentially no carbon monoxide. 

17. A process for depositing low dielectric constant layers, comprising: 

varying one or more process conditions for depositing an organosilicon compound to 
obtain first and second dielectric layers having varying silicon, oxygen, carbon, and hydrogen 
contents and dielectric constants less than about 4; and 

etching the second dielectric layer using conditions wherein the second dielectric 
layer has an etch rate that is at least 3 times greater than an etch rate for the first dielectric 
layer. 

18. The process of claim 17, wherein the first dielectric layer contains at least 5% carbon 
by atomic weight ox at least 1% hydrogen by atomic weight, and wherein the second 
dielectric layer contains less than two- thirds of the carbon in the first silicon oxide layer or 
less than one-fifth of the hydrogen in the first silicon oxide layer. 

19. The process of claim 18, wherein the second dielectric layer is etched to form 
horizontal interconnects with a first gas mixture comprising one or more fluorocarbons and 
essentially no carbonroxygen compounds. 

20. The process of claim 17, further comprising: 

depositing the first dielectric layer on a third dielectric layer having silicon, oxygen, 
carbon, and hydrogen contents similar to the second dielectric layer. 
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BACKGROUND OF THE DISCLOSURE 

Related Applications 

This application is a. continuation-in-part of co-pending United States Patent 
Application No. 09/021.788 [AMAT/2592], which was filed on February U, 1998; a 
continuation-in-part of co-pending United States Patent Application No. 09/162,915 
[AMAT/3032], which was filed on September 29, 1998; and a continuation-in-part of co- 
pending United States Patent Application No. 09/189,555 [AMAT/3032.P1], which was filed 
on November 4, 1998. 

Field of the Invention 

The present invention relates to the fabrication of integrated circuits. More 
particularly, the invention relates to a process and apparatus for depositing and etching 
dielectric layers on a substrate. 

Background of th* Invention 

Semiconductor device geometries have dramatically decreased in size since such 
devices were first introduced several decades ago. Since then, integrated circuits have 
generally followed the two year/half-size rule (often called Moore's Law), which means that 
the number of devices on a chip doubles every two years. Today's fabrication plants are 
routinely producing devices having 0.35pm and even 0.18pm feature sizes, and tomorrow's 
plants soon will be producing devices having even smaller geometries. 

In order to further reduce the size of devices on integrated circuits, it has become 
necessary to use conductive materials having low resistivity and insulators having low 
dielectric constants (k £ 4.0) to reduce the capacitive coupling between adjacent metal lines. 
A conductive material of interest is copper which can be deposited in submicron features by 
electrochemical deposition. Dielectric materials of interest are silicon oxides that contain 
carbon. Combination of silicon oxide materials and copper has led to new deposition methods 
for preparing vertical and horizontal interconnects since copper is not easily etched to form 
metal lines. Such methods include damascene or dual damascene methods depositing vertical 
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and horizontal interconnects wherein one or more dielectric materials arc deposited and 
etched to form the vertical and horizontal interconnects that are filled with the conductive 
material. 

Dielectric layers can be deposited, etched and filled with metal in multiple steps that 
typically require frequent transfers of substrates between processing chambers dedicated to 
specific steps. Preferred methods for depositing dielectric layers include two predominant 
dual damascene methods where lines/trenches are filled concurrently with vi as/contacts. In a 
"counter-bore" scheme, a scries of dielectric layers are deposited on a substrate as described 
in more detail for various embodiments of the present invention. Then vertical interconnects 
such as vias/contacxs are etched through alt of the layers and horizontal interconnects such as 
lines/trenches are etched through the top layers. In the alternative, the lines/trenches are 
etched in the top layers and then the vias/contacts are etched through the bottom layers. A 
conductive material is then deposited in both the vertical and horizontal interconnects. 

The other predominate scheme for creating a dual damascene structure is known as a 
^self-aligning contact" (SAC) scheme The SAC scheme is similar to the counter-bore 
scheme, except mat an etch stop layer is deposited on a bottom dielectric layer «n(* etched to 
define the vias/con tacts before another dielectric layer is deposited on top of the etch stop 
layer. The vertical and horizontal interconnects are then etched in a single step, and 
conductive material is then deposited in both the vertical and horizontal interconnects. 

The counter-bore scheme does not require an etch stop layer between the dielectric 
layers if the upper dielectric layer can be etched using conditions that provide an etch rate for 
the upper layer that is at least about three times greater than the corresponding etch rate for 
the lower layer(i:e., an etch selectivity of at least about 3:1). However, the selectivity of etch 
processes for conventional low k dielectric layers is typically less than 3:1,. and etch stop 
layers that provide the desired etch selectivity are routinely used between adjacent low k 
dielectric layers. The etch stop layers provide uniformity in the depth of horizontal 
interconnects across the surface of the substrate. The etch stop layers further reduce micro- 
trenching such that the bottom of horizontal interconnects are flat instead of deeper at outside 
edges. The etch stop layers further reduce faceting or fencing of previously etched vertical 
interconnects during etching of horizontal interconnects, wherein the edge between the 
bottom of the horizontal interconnects and the side walls of the vertical interconnects are 
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sharp instead of cither rounded (i.e., faceted) or raised (i.e., fenced) depending on whether the 
side walls of the vertical interconnects are exposed to etch gases or shielded from etch gases. 

Conventional etch stop layers provide the benefits just described for damascene 
applications, but typically have dielectric constants that are substantially greater than 4. For 
example, silicon nitride has a dielectric constant of about 7, and deposition of such an etch 
stop layer on a low k dielectric layer results in a substantially increased dielectric constant for 
the combined layers. It has also been discovered that silicon nitride may significantly increase 
the capacitive coupling between interconnect lines, even when an otherwise low k dielectric 
material is used as the primary insulator. This may lead to crosstalk and/or resistance- 
capacitance (RC) delay that degrades the overall performance of the device. 

Ideally, low k dielectric layers would be identified and etch processes would be 
defined wherein an etch selectivity for the dielectric layers is at least about 3:1 for use in 
selective etch processes such as dual damascene processes. Preferably, the low k dielectric 
layers that provide the desired etch selectivity could be deposited in the same chamber. 

SUMMARY OF THE INVENTION 

The present invention provides a method for etching one or more dielectric layers 
having a dielectric constant less than or equal to about 4.0 flow k), wherein differences in 
dielectric compositions provides an etch selectivity of at least 3:1. The invention includes 
etching of dielectric layers containing silicon, oxygen, carbon, and hydrogen wherein 
differences in composition provide an etch selectivity greater than 3:1 in the absence of a 
carbonzoxygen gas, such as carbon monoxide. Addition of carbonic xyg en gases to one or 
more fluorocarbon gases provides fast etch rates at lower etch selectivity which can be used 
when high selectivity is not needed. At least one of the dielectric layers preferably has high 
carbon content (greater than about 1% by atomic weight) or high hydrogen content (greater 
than about 0.1% by atomic weight). The carbonroxygen gas is reduced or omitted from etch 
gases when a selective etching of adjacent dielectric layers is desired, such as when forming 
horizontal interconnects. 

The present invention further provides an integrated method for depositing and 
etching adjacent low k dielectric materials with reduced transfers of a substrate between 
chambers, and with an etch selectivity between adjacent dielectric layers of at least 3:1. The 
high etch selectivity provides horizontal interconnects having uniform depths and 
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substantially square corners without conventional etch stop layers. At least one dielectric 
layer contains silicon, oxygen, carbon, and hydrogen. Additional dielectric layers can be any 
dielectric layer having a dielectric constant less than about 4.0, such as produced by spin on 
deposition methods or by chemical vapor deposition methods. All dielectric layers are 
preferably produced by chemical vapor deposition of one or more organosilicon compounds 
using power levels, flow rates, and composition changes to control etch selectivity by 
controlling the silicon, oxygen, carbon, and hydrogen content of the deposited materials. 

In a first preferred dual damascene embodiment, a first low k dielectric layer and a 
second low k dielectric layer are deposited on a substrate by oxidation of one or more 
organo silicon compounds, such as methylsilane, CH 3 SiH3, or trimcthylsiloxane, (CHj)3-Si*0- 
SHCHj)3, for subsequent etching of vertical and horizontal interconnects. The first dielectric 
layer is an etch stop layer that contains silicon, oxygen, carbon, and hydrogen, preferably at 
least about 5% carbon by atomic weight and at least about 1% hydrogen by atomic weight. 
The second dielectric layer preferably contain less than two-thirds of the carbon or less than 
one-fifth of the hydrogen contained in the second dielectric layer, more preferably less than 
one-half of the carbon or less than one-tenth of the hydrogen. The vertical and horizontal 
interconnects are then etched into the low k dielectric layers using fluorocarbon gases. A 
carbon: oxygen compound, such as carbon monoxide, is added to the fluorocarbon gases 
during etching of vertical interconnects, and is not used during etching of horizontal 
mtetcormects to obtain an etch selectivity of at least 3:1. The horizontal and vertical 
interconnects can then be filled with a conductive material such as copper. 

In a second preferred dual damascene embodiment, a first low k dielectric layer, a 
second low k dielectric layer, and a third low k dielectric layer are deposited on a substrate by 
oxidation of one or more organosilicon compounds, such as methylsilane, CH 3 SiHj, or 
trimethyisiioxane, <CH 3 )3-Si-0-Si-(CHj)3, for subsequent etching of vertical and horizontal 
interconnects. The second dielectric layer is an etch stop layer and contains silicon, oxygen, 
carbon, and hydrogen, preferably at least about 5% carbon by atomic weight and at least 
about 1% hydrogen by atomic weight/The first and third dielectric layers preferably contain 
less than two- thirds of the carbon and less than one-fifth of the hydrogen contained in the 
second dielectric layer, more preferably less than one-half of die carbon and less than one- 
tenth of die hydrogen. The vortical and horizontal interconnects are then etched into the low k 
dielectric layers using fluorocarbon gases. A carbon:oxygen compound, such as carbon 

monoxide, is added to the fluorocarbon gases during etching of vertical interconnects, and 
preferably is not used during etching of horizontal interconnects to obtain an etch selectivity 
of at least 3:1. The horizontal and vertical interconnects can then be filled with a conductive 
material such as copper. 
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DESCRIPTION OF PREFERRED EMBODIMENTS 

The present invention provides a method for etching of low k dielectric layers (i.e., k 
less than or equal to about 4, preferably less than about 3). The invention includes etching 
one or more dielectric layers, wherein differences in dielectric compositions provides an etch 
selectivity of at least 3:1. The method is ideally suited for selective etch processes such as 
damascene schemes that deposit conductive materials, such as copper, within interconnects 

formed in the low k dielectric layers. In a preferred embodiment, the invention includes 
controlling combination of a carbonxxygen gas with fluorocarbon etch gases t to control etch 
selectivity for low k dielectric layers that contain hydrogen and carbon. The invention further 
provides control over the carbon and hydrogen content of adjacent dielectric layers to obtain 
low dielectric constants and an etch selectivity of at least 3:1 favoring one of the dielectric 
layers. Thus, the low k dielectric layers provide sufficient etch selectivity to exclude 
conventional etch stop materials having high dielectric constants, such as silicon nitride, from 
deposition and etch processes such as damascene schemes. Dielectric layers having low 
dielectric constants and low etch rates, in comparison to other dielectric layers using the same 
etch conditions as described herein, can replace or eliminate etch stop layers in many 
processes. The integrated deposition and etch methods of the invention also reduce transfers 
of a substrate between chambers by allowing all dielectric layers to be deposited in a single 
chamber prior to etching. 

The method of the invention provides an integrated dud damascene process that 
includes depositing a first low k dielectric layer that contains silicon, carbon, oxygen, and 
hydrogen. A second low k dielectric layer deposited on the first low k dielectric layer 
preferably contains less than two-thirds of the carbon or less than one-fifth of the hydrogen 
contained in the first dielectric layer, more preferably less than one-half of the carbon and 
less than one-tenth of the hydrogen. Both dielectric layers can be etched, eg., with a mixture 
of fluorocarbons and carbon:oxygen compounds such as carbon monoxide, to form vertical 
interconnects having steep sidewalk and sharp corners. The dielectric layer having the lower 
carbon or hydrogen content is selectively etched, such as by reducing or eliminating the flow 
of carbon:oxygen gas, to provide a selectivity of at least 3:1 favoring the dielectric layer 
having the lower carbon or hydrogen content. 

A silicon oxide layer containing at least \% by atomic weight of carbon or at least 
0A% by atomic weight of hydrogen is produced by spin on methods, or by chemical vapor 
deposition of one or more organosilicon compounds using power levels, flow rales, and 
composition changes to control the carbon content and hydrogen content of the deposited 
material. Low k dielectric layers having varying carbon or hydrogen content can be deposited 
in a single chamber to provide alt of the dielectric layers in the dual damascene method. The 
deposited dielectric layers are then etched with gases that control passivating deposits on the 
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surfaces of etched features to provide an etch selectivity of at least 3:1 between adjacent 
dielectric layers having dielectric constants Jess than about 4, preferably less than about 3. 

The present invention broadly includes etching of adjacent low k dielectric layers. 
The scope of the invention as claimed beJow is fully supported by the description of the 
following preferred embodiments for etching or depositing dielectric layers that contain 
carbon or hydrogen. 

A First Preferred Dual Damascene Process 

A preferred dual damascene process shown in Figs. 1A-XH includes etching of two 
adjacent low k dielectric layers 10, 12 wherein the etch selectivity between the two layers is 
at least 3:1 when the etch gases contain fluorocarbon gases and substantially no 
carbon roxygen compounds. In other words, the adjacent low k dielectric layers have different 
compositions, and the second layer 12 has an etch rate that is at least three times greater than 
the etch rate of the first layer 10 when the etch gases include a fluorocarbon gas without 
substantial amounts of a carbomoxygen gas. The first dielectric layer 10 functions as an etch 
stop layer during etching of the second dielectric layer 12. Addition of carbon: oxygen 
compounds such as carbon monoxide to the etch gases alters the etch rates for the dielectric 
layers 10, 12 such that both layers can be etched without substantial changes in the etch gas 
composition. 

Referring to Fig. 1A. a first low k dielectric layer 10 containing silicon, oxygen, 
carbon, and hydrogen, such as spin on low k dielectrics (doped) or a CVD layer deposited by 
oxidation of an organosilicon compound containing C-H bonds and C-Si bonds, is deposited 
on a barrier layer 14. The first low k dielectric layer 10 preferably contains at least about 5% 
carbon by atomic weight or at least about 1% hydrogen by atomic weight A second low k 
dielectric layer I2 t such as spin on low k dielectrics (doped or undoped) or a CVD layer 
deposited by oxidation of an organosilicon compound contains less than about two-thirds of 
the carbon and less than about one-fifth of the hydrogen contained in the first dielectric layer 
10, preferably teas than one-half of the carbon and less than one-tenth of the hydrogen. The 
dielectric layers 10, 12 are typically deposited on a barrier layer 14, such as silicon nitride or 
silicon carbide, that protects the dielectric layers from diffusion of a conductive material 16 
such as copper filling a feature in a prior dielectric layer 1 8. The etch selectivity between the 
first dielectric layer 10 and the barrier layer 14 is at leasl 2:1. A photoresist layer 20 or a bard 
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mask layer is deposited on the stack of dielectric layers 10, 12 to transfer a pattern thai is 
etched into the dielectric layers. The first dielectric layer 10 contains sufficient carbon or 
hydrogen to have an etch rate that is at least three times lower than the etch rate for the 
second dielectric layer 12 when etched with one or more fluorocarbon gases and substantially 
no carbon: oxygen gases. 

Methods for depositing the first and second dielectric layers 10. 12 to obtain varying 
carbon and hydrogen contents is described in more detail below. Deposition of low k 
dielectric layers having low carbon content (less than about 1% by atomic weight) and low 
hydrogen content (Less than about 0.1% by atomic weight) can also be performed using 
conventional processes for depositing silicon oxides, such as by oxidation of 
tetraethyiorthosilicate (TEOS), also known as tetraethoxysi lane. 

The first dielectric layer 10 is preferably deposited to a thickness of about 5,000 to 
about 1 0,000 A. The second dielectric layer 12 is then deposited to a thickness of about 5,000 
to about 10,000 A. The dielectric layers 10, 12 can be deposited in the same chamber using 
the same reactants, such as methysQane or trimethylsiloxane* by varying flow rates and or 
power levels as described in examples below. When the barrier layer 14 is a silicon carbide 
layer, the barrier Layer may also be deposited in the same chamber as the dielectric layers 
using the same organosilicon compound. 

Although the first dielectric layer could be etched prior to deposition of the second 
dielectric layer, it is preferred to deposit both dielectric layers prior to etching with gases that 
combine a fluorocarbon gas and a carbon:oxygen gas. 

Referring to Fig. IB, the photoresist or hard mask 20 is patterned to define horizontal 
interconnects 22 to be etched in the second dielectric layer 12. As shown in an embodiment 
below, a pattern defining vertical interconnects could be used first. A typical photoresist for 
silicon oxide layers is "R1STON," manufactured by duPont dc Nemours Chemical Company. 
The photoresist is exposed to UV light to define the pattern and then portions of the 
photoresist are stripped away. A hard mask such as a silicon oxide layer containing carbon or 
hydrogen could be used below the photoresist and etched as described below after the pattern 
is developed in the photoresist. The photoresist or hard mask then provides the pattern that is 
transferred to the underlying layers. 

Referring to Fig. 1C. the horizontal interconnects 22 are then etched into the second 
dielectric layer 12 using gases that combine one or more fluorocaxbons without substantial 
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amounts of carbon-.oxygen gases. Etching of the dielectric layers to form horizontal 
interconnects is preferably performed with a mixture of gases including argon and one or 
more gases selected from CF A , C 2 F6, and CiFg. The photoresist 20 or other material used to 
pattern the horizontal interconnects 22 is then preferably stripped using an oxygen/hydrogen 
ashing process, eg., by combination of oxygen and ammonia gases, or by another suitable 
process. 

Referring to Fig. ID, a second resist layer 24 or hard mask is deposited on the 
horizontal interconnects 22 and a planar surface is provided for transfer of a pattern that 
defines vertical interconnects 26. The photoresist is exposed to UV light to define the pattern 
and then portions of the photoresist are removed to define the vertical interconnects 26. The 
photoresist 24 or hard mask provides the pattern that is transferred to the underlying layers 
during subsequent etching. If the vertical mterconnects are etched first as described in the 
next embodiment, then the second resist layer or hard mask would be used to define the 
horizontal interconnects , 

Referring to Fig. IE, the first dielectric layer 10 and the barrier layer 14 are then 
etched to complete the vertical interconnects 26 using gases that combine one or more 
fiuorocarbons and a carbon roxygen gas. Etching of the dielectric layers to form vertical 
interconnects is preferably performed with a mixture of gases including argon, CO, and one 
or more gases selected from CF 4 , C 2 F«, and GJV Referring to Fig. IF, any photoresist or 
other material used to pattern the vertical interconnects 26 is preferably stripped using an 
oxygen/hydrogen ashing process, e.g., by combination of oxygen and ammonia gases, or by 
another suitable process. 

Referring to Fig. 1G, a suitable barrier layer 28 such as tantalum nitride is first 
deposited conformally in the horizontal and vertical interconnects 22, 26 to prevent metal 
migration into the surrounding silicon and/or dielectric materials. Referring to Fig. 1H ( the 
horizontal and vertical interconnects 22, 26 are then filled with a conductive material 30 such 
as aluminum, copper, tungsten or combinations thereof. Presently, the trend is to use copper 
to form the smaller features due to the low resistivity of copper (1.7 mW-cm compared to 3,1 
mW-cm for aluminum). Copper is deposited using either chemical vapor deposition, physical 
vapor deposition, electroplating, or combinations thereof to form the conductive structure. 
Once the structure has been filled with copper or other metal, the surface is planarized using 
chemical mechanical polishing, as shown in Fig. 1H. 
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In an alternative embodiment the first dielectric layer 10 in Figs. IA-1H could be 
deposited on an initial silicon oxide layer (not shown), such as obtained by oxidation of 
TEOS, when the etch selectivity between the first dielectric layer 10 and the barrier layer 14 
is less than 2:l t such as when the barrier layer 14 is silicon nitride and the dielectric layer 
contains more than 5% carbon by atomic weight or more than 1% hydrogen by atomic 
weight. The initial dielectric layer is selected to have an etch selectivity of at least 2:1 with 
respect to the barrier layer 14 so that the vertical interconnects 26 can be fully etched before 
the barrier layer is totally removed from some of the vertical interconnects. The initial oxide 
layer would preferably have a thickness of from about 1,000 A to about 3,000 A to provide 
time for the vertical interconnects to be completed to the barrier layer. 

A Second Preferred Dual Damascene Proem 

Another preferred dual damascene process shown in Figs. 2A-2H replaces a 
conventional etch stop layer with a low k dielectric layer that functions as an etch stop layer 
40 between two low k dielectric layers 42, 44. The dielectric layers 42, 44 have an etch Tate 
that is at least three times greater than the etch rate of the etch stop layer 40 when the etch 
gases contain fluorocarbon gases and substantially no carbon: oxygen compounds. Preferably, 
the dielectric layers and the etch stop layer have similar compositions except that the etch 
stop layer has higher amounts of carbon or hydrogen. 

Referring to Fig. 2A, a first low k dielectric layer 42 and a third low k dielectric layer 
44 contain low amounts of carbon and hydrogen, such as spin on low k dielectrics (doped or 
undoped) or a CVD layer deposited by oxidation of an organosilicon compound. A second 
low k dielectric layer 40, the etch step layer, contains relatively high amounts of carbon or 
hydrogen, such as spin on low k dielectrics (doped) or a CVD layer deposited by oxidation of 
an organosilicon compound having C-H bonds and C-Si bonds. The second low k dielectric 
layer 40 preferably contains at least about 5% carbon by atomic weight or at least about 1% 
hydrogen by atomic weight The first and third low k dielectric layers 42, 44 contain less than 
two-thirds of the carbon or less than one-fifth of the hydrogen contained in the second 
dielectric layer 40, preferably less than one-half of the carbon and less than one-tenth of the 
hydrogen. The dielectric layers 42, 40, 44 are typically deposited on a barrier layer 46, such 
as silicon nitride or silicon carbide, that protects a conductive material 48 such as copper 
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filling a feature in a lower dielectric layer 50. The etch selectivity of the first dielectric layer 
42 and the barrier layer 14 is at least 2:1. 

A photoresist layer or a hard mask layer 52 is deposited on the stack of dielectric 
layers 40, 42, 44 to transfer a pattern that is etched into the dielectric layers. The etch stop 
layer 40 preferably contains sufficient carbon or hydrogen to have an etch rate that is at least 
three times Lower than the etch rate for the first and third dielectric layers 42, 44 when the 
etch gases do not contain substantial amounts of a carbonroxygen gas. Deposition of the 
dielectric layers to have varying carton and hydrogen contents is described in more detail 
below. 

The first and third dielectric layers 42, 44 are preferably deposited to. a thickness of 
about 5.000 to about 10,000 A. The etch stop layer 40 is preferably deposited to a thickness 
of about 500 to about 1,000 A. The first and third dielectric layers 42, 44 and the etch stop 
layer 40 can be deposited in the same chamber using the same reactants by varying flow rates 
and or power levels as described in examples below. When the barrier layer 46 is a silicon 
carbide layer, the barrier layer may also be deposited in the same chamber as the dielectric 
layers. 

Referring to Fig, 2B, the photoresist 52 hard mask is then patterned to define vertical 
interconnects 54 to be etched in the first and third low k dielectric layers 42, 44 and the etch 
stop layer 40. As shown in the first embodiment above, a pattern defining horizontal 
interconnects could be used first A typical photoresist for silicon oxide layers is "RISTON/ 
manufactured by duPont de Nemours Chemical Company. The photoresist is exposed to UV 
light to define the pattern and then portions of the photoresist are stripped away. A hard mask 
such as a silicon oxide layer containing carbon or hydrogen could be used below the 
photoresist and etched as described below after the pattern is developed m the photoresist 
The photoresist or hard mask then provides the pattern that is transferred to the underlying 
layers. 

Referring to Fig. 2C, the vertical interconnects 54 are then etched into the first and 
third low k dielectric layers 42. 44. the low k etch step layer 40. and die barrier layer 46 using 
gases that combine fhiorocarbons and carbonioxygen gases. Etching of the dielectric layers to 
form vertical interconnects is preferably performed with a mixture of gases including argon. 
CO, and one or more gases selected from CF 4 , CjF*, and GiFg. Any photoresist 52 or other 
material used to pattern the vertical interconnects 54 is preferably stripped using an 
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oxygen/hydrogen ashing process, eg., by combination of oxygen and ammonia gases, or by 
another suitable process if necessary. 

Referring to Fig. 2D, a second resist layer 55 or hard mask is deposited and then 
patterned to define the horizontal interconnects 56. The photoresist is exposed to UV light to 
define the pattern and then portions of the photoresist are removed to define the horizontal 
interconnects 56. If the horizontal interconnects were etched first, a second resist layer or 
hard mask would be used to define the vertical interconnects as previously described for the 
first embodienmt The photoresist could be left in the bottom of the vertical interconnects 54 
if desired to reduce etching of the underlying layer 48. 

Referring to Fig. 2E, the third dielectric layer 44 is then etched to complete the 
horizontal interconnects 56 using gases that include one or more fluoro carbons without 
substantial amounts of the carbonroxygen gases. Etching of the dielectric layers to form 
horizontal interconnects 56 is preferably performed with a mixture of gases selected from 
argon and one or more gases selected from CF 4 , C 2 F*, and C4F1, to provide a selectivity of at 
least 3:1 with respect to the etch stop layer 40. The carbon:oxygcn gas is reduced omitted to 
provide a lower etch rate for the etch stop layer 40. Referring to Fig. 2F, any photoresist or 
other material used to pattern the horizontal interconnects 56 is stripped prior to filling the 
horizontal and vertical interconnects 56, 54. The photoresist Is preferably stripped using an 
oxygen/hydro gen ashing process, e,g., by combination of oxygen and ammonia gases, or by 
another suitable process. 

Referring to Fig. 2G, a suitable barrier layer 58 such as tantalum nitride is first 
deposited confonnally in the horizontal and vertical interconnects 56, 54 to' prevent metal 
migration into the surrounding silicon and/or dielectric materials. Referring to Fig. 2H» the 
horizontal and vertical interconnects 56, 54 are then filled with a conductive material 60 such 
as aluminum, copper, tungsten or combinations thereof as described for the first embodiment. 

Depending on the selectivity of die etch processes, the horizontal or vertical 
interconnects can be etched after deposition of each dielectric layer. In the alternative, the 
etch stop layer could be etched prior to deposition of the third dielectric layer. However, 
additional transfers of the substrate between chambers is required to alternate between 
deposition and etching of the dielectric layers. 

In an alternative embodiment, the etch stop 40 in Figs. 2A-2H could be a silicon 
nitride or silicon carbide layer deposited on a conventional dielectric layer 42 having a 



(3 3) 



#BH 2001- 110789 



dielectric constant greater than about 4.0. Thus, a low k dielectric layer 44 would enhance 
isolation of the horizontal interconnects 56 while the conventional dielectric layer 42 
adequately isolates the vertical interconnects 54, 

Deposition of Low k Dielectric Layers 

The present invention provides a dielectric layer having a low dielectric constant (k 
less than or equal to about 4.0) and having an etch rate at least 3 times lower than the etch 
rate for an adjacent low k dielectric layer under etch conditions suitable for forming 
horizontal interconnects in dielectric layers. Such low k dielectric layers can be produced by 
spin on or CVD methods wherein silicon carbide layers or silicon oxide layers containing 
carbon and hydrogen are formed. Low It dielectric layers having varying etch rates can be 
produced in the same chamber by varying amounts of the process gases as discussed in the 
following description, 

Preferred low k dielectric layers are produced by oxidation of an organosilicon 
compound containing both C-H bonds and C-Si bonds, such as methylsilane> CHjSiHj, 
dimethylsilane, (CHj^Si*^. trimethylsilane, (CH^SiH, l,l,3^etramethyldiBiloxanc, 
(CH 3 )2-SiH-0-SiH-(CH3)2 f or frimethylsiloxane, (CH^Si-O-SHCfth. The silicon oxide 
layers are cured at low pressure and high temperature to stabilize properties. The carbon and 
hydrogen contents of the deposited dielectric layers is controlled by varying process 
conditions such as by changing to another organosilicon compound, by oxidation with a 
variety of oxidizing gases such as oxygen, ozone, nitrous oxide, and water, by varying RF 
power levels during deposition, and by changing flow rates of process gases. 

Carbon or hydrogen which remains in the silicon oxide or silicon carbide layers 
contributes to low dielectric constants, good barrier properties, and reduced etch rates. The 
silicon oxide or silicon carbide layers are produced from silicon compounds that include 
carbon within organic groups that are not readily removed by oxidation* at processing 
conditions. Preferably C-H bonds are included, such as in alkyl or aryl groups. Suitable 
organic groups also can include alkenyl and cyclohexenyl groups and functional derivatives. 
The organosilicon compounds contain varying ratios of carbon to silicon and include: 



methylsilane, 
dimethylsilane, 



CHa-SiH 3 
(CH 3 ) r SiH 2 
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trimethylsilane, 

tretraniethylsilane, 

dimethylsilanediol, 

ethylsilane, 

phenyisilane, 

diphenylsilane, 

diphenylsilanediol, 

methylphenylsilane, 

disilaiioniethane, 

bis(mcthylsilano)mcthanc J 

1 ,2-disilanoethane, 

1 ^*bis(methylsilano)ethanc v 
silanopropane, 

1 ^,5-trialano-2,4,6-trimethylene f 

1 ^-dimelhyldisilaxane, 

1 ,1 3,3-tctrarncthyldisiloxane, 

trimethylsiloxanc, 

1 J-bis(snanomeihyIene)disiloxane, 

fai6(l-methyldisiloxanyl)roethane f 

2^-bis(l -metbyldisiloxanyl)propane, 

2,4^8-tetramethy3cycIotetrasiloxane ( 

octamethylcyclotetrasiloxanc, 

2,4,6,8, 10-pentamethylcyclopcntasiloxanc, 

I l 3,5 1 7-tetiasilano-2,6-dioxy^ v 8Htiinethylene f 

2,4,6-trisflanetetrahydropyran, and 

2,5-disilanet^rahydrofuran. 



(CH 3 )rSiH 
(CH 3 )^Si 
(CH 3 ) 2 -Si-(OH> 2 
CH 3 -CH r SiH 3 

(CsH 5 ) 2 -SiH 2 

(CftHsh-Si-COH), 

CeHs-SiHi-CHs 

SiH 3 -CHrSiH 3 

CH 3 -SiH r CH2-SiH2-CH3 

SiH 3 -CH r CH2-SiH 3 

CH 3 -SiH z -CH 2 -CH 2 .SiH 2 rCH 3 
SiH|-C(CH 3 )2-SiHi 
-(-SiHjCIW (cyclic) 
CHrSiHrO-SiH 2 -CH 3 
(CHj>2.SiH-OSiH-(CH 3 )2 

(CH 3 )rSiO-SKCH3b 
(SiHj-Ofc-SiHj-fe-O 
(CH 3 -SiH2-0-SlH2-)2-CH2 
(CHj-SiHrO-SiHrVCCCHj) i 
-(-SiHCH 3 -0-)4- (cyclic) 
-(-^(CH^O-),- (cyclic) 
<-SiHCH 3 -0-)s- (cyclic) 
-(-SiH,-CHrSiH 2 -0.)2- (cyclic) 
-SiH2-CH2»SiHrCHrSiH2-0- (cyclic) 
-SiH2-CHrOfe-SiH r O- (cyclic) 



and derivatives thereof. 

The organo silicon compounds axe preferably oxidized during deposition by reaction 
with oxygen (O2) or oxygen containing compounds such as nitrous oxide (N2OX ozone (Oj). 
carbon dioxide (CQj), and water (H2O), preferably 0 3 or N a O, such that the carbon content of 
the deposited layer is at least !♦/• by atomic weight and the hydrogen content of the deposited 
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layer is at least 0.1% by atomic weight. The oxidized organosilicon layer preferably has a 
dielectric constant of about 3.0 or less. The oxidized organosilicon layers provide low etch 
rates in comparison to the conventional silicon oxide compounds. 

The organosilicon compounds can also be deposited as silicon carbide layers by 
providing sufficient energy to dissociate the compounds. The silicon carbide layers may 
contain low amounts of oxygen to assist in varying etch rates for the deposited layers. 

The hydrocarbon groups in the organosilanes and organosiloxane may be partially 
fruorinated to convert C-H bonds to C-F bonds. Many of the preferred arganosilane and 
organosiloxane compounds are commercially available. A combination of two or mare of the 
organosilanes or organosiloxanes can be employed to provide a blend of desired properties 
such as dielectric constant, oxide content, hydrophobicity, film stress* and plasma etching 
characteristics. 

Oxygen and oxygen containing compounds are preferably dissociated to increase 
reactivity when necessary to achieve a desired carbon content in the deposited layer. RF 
power can be coupled to the deposition chamber to increase dissociation of the oxidizing 
compounds. Reduced amounts of oxygen or reduced dissociation of the oxygen results in 
higher carbon contents, especially higher amounts of C-H or Si-CH^ bonds in comparison to 
Si-0 bonds. The oxidizing compounds may also be dissociated in a microwave chamber prior 
to entering the deposition chamber to reduce excessive dissociation of the silicon containing 
compounds. Deposition of the silicon oxide layer can be continuous or discontinuous. 
Although deposition preferably occurs in a single deposition chamber, the layer can be 
deposited sequentially in two or more deposition chambers. Furthermore, RF power can be 
cycled or pulsed to reduce heating of the substrate and promote greater porosity in the 
deposited layer. During deposition of the silicon oxide layer, the substrate is maintained at a 
temperature of from about •20°C to about 400°C, and preferably is maintained at a 
temperature of approximately -20°C to 40 C C. 

The oxidized organosilicon compounds adhere to contacted surfaces such as a 
patterned layer of a semiconductor substrate to form a deposited layer. The deposited layers 
are cured at low pressure and at temperatures from about 100 to about 450°C, preferably 
above about 400° C to stabilize the barrier properties of the layers. The deposited layer has 
sufficient hydrogen content to provide barrier properties. The carbon content preferably 
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includes C-H or C-F bonds to provide a hydrophobic layer that is an excellent moisture 
barrier. 

The method of the present invention employs a substrate processing system having a 
vessel including a reaction zone, a cathode pedestal for positioning a substrate in the reaction 
zone, and a vacuum system. The processing system further comprises a gas/liquid distribution 
system connecting the reaction zone of the vessel to supplies of an organosilane or 
organosiloxane compound, an oxidizing gas, and an inert gas, and an RF generator coupled to 
the gas distribution system for generating a plasma in the reaction zone. The processing 
system further comprises a controller comprising a computer for controlling the vessel, the 
gas distribution system* and the RF generator, and a memory coupled to the controller* the 
memory comprising a computer usable medium comprising a computer readable program 
code for selecting the process steps of depositing a low dielectric constant layer with a 
plasma of an organosilane or organosiloxane compound and an oxidizing gas. 

Etching of the deposited silicon oxide layers can be performed in conventional etch 
chambers such as described in United States Patent No, 5,843,847. which description is 
incorporated by reference herein. A preferred etch chamber is the IPS chamber available from 
Applied Materials, Lac of Santa Clara, Calil The 4 847 patent further describes etching of 
dielectric layers, which description is also incorporated by reference herein. 

Further description of the invention relates to specific apparatus for depositing and 
etching silicon oxide layers of the present invention and to preferred deposition and etch 
sequences for preparing dual damascene silicon oxide layers. 

Exemplary CVD Plasma Reactor and Process 

One suitable CVD plasma reactor in which a method of the present invention can be 
carried out is shown in Fig. 3, which is a vertical, cross-section view of a parallel plate 
chemical vapor deposition reactor 110 having a high vacuum region 115. Reactor HQ 
contains a gas distribution manifold 111 for dispersing process gases through perforated holes 
in the manifold to a substrate or wafer (not shown) that rests on a substrate support plate or 
susceptor 112 which is raised or lowered by a lift motor 114. A liquid injection system (not 
shown), such as typically used for liquid injection of TEOS, may also be provided for 
injecting a liquid organosilane and/or organosiloxane compound. The preferred organosilanes 
are gases. 
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The reactor 110 includes heating of the process gases and substrate, such as by 
resistive heating coils (not shown) or external lamps (not shown). Referring to Fig. 3, 
susceptor 112 is mounted on a support stem 113 so that susceptor 112 (and the wafer 
supported on the upper surface of susceptor 112) can be controllably moved between a lower 
loading/off-loading position and an upper processing position which is closely adjacent to 
manifold 111. 

When susceptor 1 12 and the wafer are in processing position 1 14, they are surrounded 
by a an insulator 117 and process gases exhaust into a manifold 124. During processing, 
gases inlet to manifold 1 1 1 are uniformly distributed radially across the surface of the wafer. 
A vacuum pump 132 having a throttle valve controls the exhaust rate of gases from the 
chamber. 

Before reaching manifold 111* deposition and carrier gases are input through gas lines 
1 18 into a mixing system 119 where they are combined and then sent to manifold 111. An 
optional microwave applicator 128 can be located on the input gas line for the oxidizing gas 
to provide additional energy that dissociates only the oxidizing gas. The microwave 
applicator provides from 0 to 6000 W. Generally, the process gases supply line 1 18 for each 
of the process gases also includes (i) safety shut-off valves (not shown) that ban be used to 
automatically or manually shut off the flow of process gas into the chamber, and (ii) mass 
flow controllers (also not shown) that measure the Clow of gas through the gas supply lines. 
When toxic gases are used in the process, several safety shut-off valves are positioned on 
each gas supply line in conventional configurations. 

The deposition process performed in reactor 110 can be either a thermal process or a 
plasma enhanced process. In a plasma process, a controlled plasma is typically formed 
adjacent to the wafer by RF energy applied to distribution manifold 1 1 1 from RF power 
supply 125 (with susceptor 1 12 grounded). Alternatively, RF power can be provided to the 
susceptor 1 12 or RF power can be provided to different components at different frequencies. 
RF power supply 125 can supply either single or mixed frequency RF power to enhance the 
decomposition of reactive species introduced into the high vacuum region 115, A mixed 
frequency RF power supply typically supplies power at a high RF frequency (RF1) of 13.56 
MHz to the distribution manifold 1 1 1 and at a low RF frequency (RF2) of 3)60 KHz to the 
susceptor 1 12. The silicon oxide layers of the present invention are most preferably produced 
using low levels of constant high frequency RF power or pulsed levels of high frequency RF 
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power. Pulsed RF power preferably provides 13.56 MHz RF power at about 20W to about 
500W, most preferably from 20W to about 250 W, during about 10% to about 30% of the 
duty cycle. Constant RF power preferably provides 13.56 MHz RF power at about 10W to 
about 200W, preferably from about 20W to about 100W. Low power deposition preferably 
occurs at a temperature range from about -2G°C to about 40°C. At the preferred temperature 
range, the deposited layer is partially polymerized during deposition and polymerization is 
completed during subsequent curing of the layer. 

For deposition of silicon carbide layers, the reaction occurs without a substantial 
source of oxygen introduced into the reaction zone. Preferably, die 13.56 MHz RF power 
source applies about 300 to 700 watts with a power density of about 4.3 to 10 watts/cm 3 to 
the anode and cathode to form the plasma in the chamber with the organosilicon compound. 
The substrate surface t e mp er at ure is maintained between about 200* to 400° C, during the 
deposition of the SiC. Far a more optimal, designated "most preferred," process regime, 
trim ethylsi lane or methylsilane flow rate is about 50 to 200 seem, helium or argon flow rate 
to about 200 to 1000 seem, the chamber pressure is from about 6 to about 10 Toir, the RF 
power is from about 400 to about 600 watts with a power density of about 5.7 to 8.6 
watts/cm 2 , and the substrate surface temperature maintained between about 300* to 400° C. 

Typically, any or all of the chamber lining, distribution manifold 111, susccptor 1 12, 
and various other reactor hardware Is made out of material such as aluminum or anodized 
aluminum. An example of such a CVD reactor is described in U.S. Patent 5,000,113, entitled 
A Thermal CVD/PECVD Reactor and Use for Thermal Chemical Vapor Deposition of 
Silicon Dioxide and Insitu Multi-step Planarized Process, issued to Wang et al. and assigned 
to Applied Materials, Inc., the assignee of the present invention. 

The lift motor 114 raises and lowers susceptor 112 between a processing position and 
a lower, wafer-loading position. The motor, the gas mixing system 1 19, and the RF power 
supply 125 are controlled by a system controller 134 over control lines 136. The reactor 
includes analog assemblies, such as mass flow controllers (MFCs) and standard or pulsed RF 
generators, that are controlled by the system controller 134 which executes system control 
software stored in a memory 138, which in the preferred embodiment is a hard disk drive. 
Motors and optical sensors are used to move and determine the position of movable 
mechanical assemblies such as the throttle valve of the vacuum pump 132 and motor for 
positioning the susceptor 112. 
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The above CVD system description is mainly for illustrative purposes, and other 
plasma CVD equipment such as electrode cyclotron resonance (ECR) plasma CVD devices, 
induction-coupled RF high density plasma CVD devices, or the like may be employed. 
Additionally, variations of the above described system such as variations in susceptor design, 
heater design, location of RF power connections and others are possible. For example, the 
wafer could be supported and heated by a resisdvely heated susceptor. The pretreatrnent and 
method for forming a pretreated layer of the present invention is not limited to any specific 
apparatus or to any specific plasma excitation method. 

The etch rate of low k dielectrics deposited in the processing chamber is controlled by 
adjusting the process gas flow rates and reactor power levels to deposit dielectric layers 
having desired carbon and hydrogen contents. The relative ratios of S1-CH3, Si-H, or C-H 
bonds to the number of Si-O bonds for preferred dielectric layers A-D described in Table 1 
are shown in Fig. 4. Based on atomic analysis of layer D, the estimated hydrogen and carbon 
contents of layers A-D are shown in Table 1 as atomic weight percent. In Fig. 4, A-C 
represent methylsilanc flow rates of 34 seem and D is a flow rate of 68 seem. A and D are at 
power levels of SO W, B is a power level of 300 W, and C is a power level of 20 W. The 
remaining conditions for depositing layers A-D are shown in Table 1. Table 1 and Fig. 4 
demonstrate the variability in the hydrogen and carbon content based on changes in process 
conditions, which is an aspect of the present invention. The variation in carbon or hydrogen 
content is then used to provide selective etching of the layer having lower carbon content or 
lower hydrogen content as discussed in more detail below. 



Table 1. Process Conditions for Varying Carbon and Hydrogen Contents 



Recipe 


A 


B 


C 


D 


Metbysilane (seem) 


34 


34 


34 


68 


N2O (seem) 


360 


360 


360 


360 


He (seem) 


2000 


2000 


2000 


2000 


Power (W) 


80 


300 


20 


80 


Spacing (mils) 


320 


320 


320 


320 


Pressure (torr) 


3.0 


3.0 


3.0 


3.0 


Est. C, atomic wt% 


8 


5 


9.5 


10.5 


Est. Hi, atomic wttf 


5 


0.3 


23 


3 
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Exemplary Etch Processes and Chamber 

A preferred etch process for dielectric layers is described in United States Patent No. 
5,843,847, issued December 1, 1998, which description is incorporated by reference herein. 
In the preferred process, etching of side walls in vertical and horizontal interconnects is 
controlled by formation of passivating deposits that condense on the sidewalk and reduce 
etching of the sidewalls. The etch gases include fluorocarbon gases and carbon-oxygen gases 
combined in amounts that provide either high selectivity or low selectivity depending on the 
amount of the carbon: oxygen gas. The etch compositions also provide low microloading 
which is a measure of the difference in etch rate for large and small sized features. 

In order to provide highly selective etching and reduced microloading for silicon 
oxide layers that contain hydrogen and carbon, it was discovered that the carbon:oxygcn 
gases actually assisted in removing excessive passivating compounds that built np on the 
surfaces of etched features from the carbon or the hydrogen released from the dielectric layer. 
The excessive passivating layer on the surfaces of the etched features limits etching of the 
sidewalls when carbotuoxygen gases are included in the etch gases, and reduction of the 
passivating layer surprisingly occurs by lowering or stopping the flow of the carbomoxygen 
gas. 

Fig. 5 illustrates an inductively coupled RF plasma etch chamber having a single 
wafer processing chamber 140, such as for example, an IPS ETCH chamber* commercially 
available from Applied Materials Inc., Santa Clara, California. The particular embodiment of 
the etch chamber shown herein is provided only to illustrate the invention, and should not be 
used to limit the scope of the invention* Other inductively coupled chambers can be used to 
etch the dielectric layers, such as a Dielectric Etch MxF+ chamber, also commercially 
available from Applied Materials. The dielectric layers can also be etched in parallel plate 
plasma chambers. 

The etch chamber shown in Fig. 5 is typically evacuated to a pressure of less than 
about 150 mTorr, and a substrate is transferred to the processing chamber 140. A plasma is 
generated in the processing chamber by dual solenoid coils 142, 190 having windings 144, 
192 that arc concentrated in a non-planar fashion around an axis of symmetry 146 that 
coincides with the center of the processing chamber 140. Other coil configurations, such as 
an optional coil 1 94, would be evident to persons skilled in the art 
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The processing chamber 140 is surrounded by a cylindrical side wall 150 and a ceiling 
1S2. A pedestal 154 at the bottom of the processing region 340 supports the substrate 156. 
The processing chamber 140 is evacuated through an annular passage 158 to a pumping 
annulus 160 surrounding the lower portion of the processing chamber 140. The interior of the 
annulus 160 is preferably lined with a replaceable liner 160A. The annular passage 158 is 
defined by the bottom edge 150A of the side wall 150 and a disposable ring 162 that 
surrounds the pedestal 154. Process gas is provided through one or more gas feeds 1 64A-C. 

The central solenoid coil 142 is wound around a housing 166 surrounding a center 
radiant heater 172. A first plasma source RF power supply 168 is connected to the inner coil 
142 and a second power supply 196 is connected to the outer coil 190. In the alternative, a 
single power simply 197A could be connected to both coils using a splitter 196. A bias power 
supply 170 is connected to the pedestal 154. Additional radiant heaters 172 such as halogen 
lamps are mounted in unoccupied regions of the ceiling and a cooling plate 174 having 
coolant passages 174A rests above the ceiling. A torus 175 holds the cooling plate 174 above 
the chamber ceiling 152. Plural axial holes 175 A extend through the torus 175 for mounting 
the heaters or lamps 172. The ceiling temperature is sensed by a thermocouple 176. For good 
thermal contact, a thermally conductive material 173 is placed between the torus 175 and the 
chamber ceiling 152, and between the torus 175 and the cold plate 174. 

Radiant heaters 177 such as tungsten halogen lamps are positioned below the 
disposable ring 1 62 to heat the ring through a window 1 78. The temperature of the ring 1 62 is 
controlled using a temperature sensor 179 that may extend into a hole 162A in the ring 162. 

Plasma confinement magnets 180, 182 are provided adjacent to the annular opening 
158 to prevent or reduce plasma flow into the pumping annulus 160. The replaceable liner 
160 A is preferably cooled to a temperature that collects any active monomer or specie that 
enters the annulus 160. A wafer slit 1 84 in a wall of the pumping annulus 160 accommodates 
wafer ingress and egress. 

The fttflhing process of the present invention provides high etch rates and highly 
selective etching of the dielectric layers on the substrate. The process gas used in the etching 
process comprises (i) fiuorocarbon gas for etching the dielectric layer and forming ' 
passivating deposits on the substrate, (ii) carbon-oxygen gas for reducing formation of 
passivating deposits; and (iii) argon or nitrogen-containing gas for removing the passivating 
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deposits on the substrate. The nature of these gases and preferred volumetric flow ratios of 
the gases will now be described. 

The fluoracarbon gas is capable of forming fluorine-containing species that etch the 
dielectric layer on the substrate. For example, a silicon dioxide layer is etched by fluorine 
containing tons and neutrals to form volatile SiF* species that are exhausted from the 
processing chamber 140. Suitable fluorocarbon gases include carbon, fluorine, and optionally 
hydrogen, such as for example, CF* CF*> CHjF, CHFj, CHjFj, CiBJF^ CjT^ CjFg, G4F1, 
C2HF5, and C4F10- It i& believed, in general, the absence of hydrogen in the process gas 
provide increased amounts of free carbon and CF 2 radicals that result in anisotropic etching 
and increased etching selectivity. Preferred gases include CF4, CiF* and C4F* 

The carbou:oxygen gas is used to provide etch selectivity when desired by controlling 
formation and removal of carbon-containing species that form paasivating deposits on the 
substrate. In addition, the carboruoxygen gas enhances the formation of dee oxygen species 
that react with other species to reduce the formation of polymers that deposit on the surfaces 
of the etched features as passivating deposits. For example. GF2 radicals polymerize to form 
polymers that deposits on the sidewalls of the freshly etched features as a passivating deposit 
that improves vertical anisotropic etching* For these reasons, the flow rate of carbon-oxygen 
gas is substantially reduced or eliminated to provide sufficient fluodnc^ntainmg species to 
rapidly etch the dielectric layers while providing high dielectric to underlayer etching 
selectivity, and anisotropic etching. Suitable carbamoxygen gases include for example, CO, 
HCOOH, HCHO, and CCfe of which CO is preferred. Oxygen may also be added to assist in 
removing excessive passivating deposits that form on the sidewalls of vias and trenches. 

It is believed the oxygen containing gases react with some of the CFj radicals to form 
volatile radicals which are exhausted from the processing chamber 140. A resultant increase 
in oxygen species at the surface of the specie or in the plasma zone reacts with free carbon to 
reduce the amount of passivating deposits formed on the substrate, and prevent deposition of 
excessively thick passivating deposit layers that can stop the etching process. 

For selective etching, the volumetric flow ratio of fiuorocaibon/carbcn:oxygen gases 
is selected so the rate of formation of passivating deposits on the surfaces of the freshly 
etched features is different for the different low k dielectric materials. For the dielectric 
material having the faster etch rate, the rate of formation of passivating deposits is 
approximately equal to the rate of removal of the passivating deposits. For the low dielectric 
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material having the slower etch rate, the rate of formation of passivating deposits exceeds the 
rate of removal of the passivating deposits. This provides high etching selectivity ratios, for 
example, an etching selectivity ratio of at least about 3:1, while simultaneously etching the 
dielectric layer at a high etch rate of at least about 400 nrn/min, and more typically from 600 
to 900 nm/min, with reduced etch rate microloading. When the substrate comprises an 
underiayer of material below the dielectric layer, such as silicon nitride or silicon carbide, the 
volumetric flow ratio of fluorocarbon/carbomoxygen gas can be tailored to increase etching 
selectivity ratios for specific combinations of materials, such as for example, the etching 
selectivity of etching dielectric to resist, diffusion barrier layers, or anti-reflective layers. The 
volumetric flow ratio of fluorocarbon/carbon:oxygen containing gas can also be adjusted so 
(hat the sidewalls of the etched features have smooth surfaces that form angles of at least 
about 87 degrees with the surface of the dielectric layer on the substrate. The volumetric flow 
ratios can be tailored for different combinations of materials, and feature geometry, such as 
feature aspect ratios, to achieve specific etching selectivito'es, etch rate microloading, or etch 
rates without deviating from the scope of the present invention. 

Preferably, inert gas is added to the process gas to form ionized sputtering species that 
sputter-off the passivating dqposits on the sidewalls of the freshly etched features. The inert 
gas also ionizes to form ionized metastable states that enhance dissociation of the process 
gas. Thus, it is also desirable for the inert gas to have a wide range of excitation energies, so 
that energy transfer reactions which promote dissociation of the process gas can occur 
between the excited inert gas and the process gas. Suitable inert gases include argon, helium, 
neon, xenon, and krypton, of which argon is preferred. Sufficient inert gas is added to the 
process gas to assist in sputtering the passivating deposits off the substrate* and to enhance 
disassociation of the process gas. However, excessive flow of inert gas causes excessive 
sputtering of the resist on the substrate, resulting in resist faceting, etching of the dielectric 
layer underlying the resist, and high profile microloading. 

Preferred compositions of process gases, suitable fof etching carbon containing 
silicon oxide layers, comprise a mixture of gases including argon, CO, and one or more gases 
selected from CF 4 , C 2 F 6 , and CiFt- For the volume of the processing chamber described 
herein, (i) a suitable flow rate of CF4 is from about 0 to about 80 seem, and more preferably 
from about 20 to about 60 seem; (ii) a suitable flow rate of C^Ft is from about 0 to about 40 
seem, and more preferably from about 5 to about 30 seem; (iii) a suitable flow rate of CO is 
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from about 0 to about 200 seem, and more preferably from about 20 to about 150 seem; and 
(iv) a suitable flow rate of argon is from about 50 to about 400 seem, and more preferably 
from about 100 to about 300 scorn. Because actual flow rates are dependent upon the volume 
of the chamber 1 40, the invention should not be limited to the flow rates recited herein. 

For etching of vertical interconnects in the preferred dielectric layers on an 8 inch 
substrate, the etch gases preferably comprise Scorn about 10 seem to about 80 seem of one or 
more fluorocarbon gases and from about 100 seem to about 200 seem of a carbomoxygen 
gas. During etching of the vertical interconnects, a mixture of fluorocarbon gases is preferred 
so that passivating deposits can be controlled by varying the relative amounts of specific 
fluorocarbon gases in addition to varying the relative amounts of the fluorocarbon gases and 
carbon :oxy gen gases. A preferred carrier gas is from about 100 seem to about 300 seem of 
argon, 

For etching of horizontal interconnects in the preferred dielectric layers on an 8 inch 
substrate, the etch gases preferably comprise from about 5 seem to about SO seem of one or 
more fluorocarbon gases and less than about 5 seem of a carbon: oxygen gas. During etching 
of the horizontal interconnects, a mixture of fluorocarbon gases can also be used to control 
passivating although passivating deposits are readily controlled by adjusting the flowrate of 
the fluorocarbon gases. A preferred carrier gas is from about 100 seem to about 300 seem of 
argon. 

The etching process of the present invention provides non-selective or selective 
etching of dielectric layers containing carbon without sacrificing etch rate microloading and 
dielectric etching rates. By etching selecti vity ratio, it is meant the ratio of the rate of etching 
of the dielectric layer to the rate of etching of adjacent layers of other materials, that include 
the underlying anti-reflective, diffusion barrier, silicon nitride, or silicon carbide, and 
overlying resist layers. The combination of the high etch rates, low microloading, and high 
etching selectivity is obtained by balancing the rate of deposition and removal of passivation 
species from the substrate, and by controlling the amount of fluorme^ containing species 
available for etching the dielectric layer. While excessive passivating deposits reduce overall 
dielectric etch rates and increase etch rate micro loading, suppression of the deposition or 
formation of polymer typically reduces etching selectivity. 

The invention is further described by the following examples which are not intended 
to limit the scope of the claimed invention. 
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EXAMPLE 1 

A first oxidized raethylsilane layer is deposited on an 8 inch silicon substrate placed 
in a DxZ chamber, available from Applied Materials, Inc., at a chamber pressure of 3.0 Ton* 
and temperature of 1 5°C from reactive gases which are flowed into the reactor as follows: 

Methylsilane, CH r SiH 3f at 34 seem 

Nitrons oxide, NiO. at 360 sccra 

Helium, He, at 2000 seem. 

The substrate is positioned 320 rail from the gas distribution showerhead and 300W of high, 
frequency RF power (13 MHz) is applied to the showethead for plasma enhanced deposition 
of a first oxidized methylsilane layer containing about 5% carbon by atomic weight and about 
0.3% hydrogen by atomic weight, the first layer having a thickness of at least 5,000 A. Then 
the flow of methylsilane is increased to 68 seem and a second oxidized methylsilane layer 
containing about 10 J% carbon by atomic weight and about y% hydrogen by atomic weight is 
deposited at a power level of SOW, (he second layer having a thickness of at least 1000 A. 
Then the flow of melhysilane is decreased to 34 scan and deposition of a third oxidized 
methylsilane layer containing about 5% carbon and 03% hydrogen is deposited at a power 
level of 300W, the layer having a thickness of at least 5000 A- The deposited dielectric layers 
are then cured at 400°C to remove remaining moisture and the substrate is transferred for 
etching of a dual damascene structure. 

In a conventional photolithographic process, a photoresist, such as "RISTON." 
manufactured by duPont de Nemours Chemical Company, is applied on the third oxidized 
raethylsilane layer to a thickness of about 0.4 to about 1.3 micron, and the vias to be etched in 
the dielectric layers are defined by exposing the resist to a pattern of light through a mask that 
corresponds to the desired configuration of features. The dielectric layers below the 
unexposed portions of the resist are etched in an IPS ETCH chamber, available from Applied 
Materials Inc., using the following amounts of process gases: 

CA. at 20 seem 

CF4, at 40 seem 

CO, at 150 seem 

Argon Ar, at 250 seem. 
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The patterned substrate was placed on the cathode pedestal of the etch chamber, and the 
chamber was maintained at a pressure of about 30 mTorr. A plasma was generated by 
applying a RF voltage to the dual solenoid coil at a power level of about 2000 Watts. A bias 
power of 1000 Watts was applied to the cathode pedestal. The substrate was cooled or heated 
to -10 °C using a flow of backside helium to maintain a thin layer of passivattng deposits on 
the sidewalls of freshly etched features. The etching process was performed for a sufficient 
time to etch vias in the third oxidized raethylsilane layer. Then etching of the via continued 
through the second oxidized methylsilane layer at 30 mTorr with the following gas Hows: 

C«Fg,at Osccm 

CF 4t at 60 seem 

CO, at 150 seem 

Argon Ar, at 250 seem. 

The etching process was performed for a sufficient time to etch through the second oxidized 
methylsilane layer. Then etching continued through the first oxidized methysilane layer at 30 
mTorr with the following gas flows: 

CUF^at 20 seem 

CF 4> at 40 seem 

CO, at 150 seem 

Argon Ar, at 250 acem. 

The etching process was performed for a sufficient time to etch through the first oxidized 
methysilane layer. Then over-etching was performed with the following changes in flow 
rates: 

QFs, at 20 seem 

CF* at 40 seem 

CO, at 100 seem 

Argon Ar, at 250 seem. 



(4 7) 



4#[S2 001-1 1 0789 



The overeiching process was performed at a dual solenoid power level of 1600 W and a 
cathode pedestal power level of 1000 W for a sufficient time to complete all vias through the 
first oxidized mcthysilanc layer. 

SEM photos of the etched wafers were used to measure (i) the dielectric etch rate, (ii) 
the etching selectivity ratio of the dielectric etching to photoresist etching, (iii) etch rate 
uniformity, and (iv) the % etch rate microloading. Results are shown below for the via etch 
steps. Etch rates were calculated by measuring the depth of the features etched in the 
substrates. The etching selectivity ratio was calculated from the ratio of the etch rate of the 
dielectric layers 20 to the etch rate of the photoresist layer. The etch rate uniformity was 
calculated using at least 15 different measured points. The % etch rate microloading is a 
measure of the difference in etch rates obtained when etching features having different sizes 
on the substrates. In the examples below, percent etch rate microloading was measured for 
large holes haying diameters of about 0.5 microns and small holes having diameters of about 
0-25 microns, the etch rates being averaged for the center and peripheral edge of the 
substrates. 

The old photoresist is then stripped by an oxygen plasma and a photoresist is re- 
applied and patterned to define horizontal interconnects such as trenches. The dielectric layer 
below the unexposed portions of the resist arc selectively etched down to the etch stop layer 
in the IPS ETCH chamber, using the following amounts of process gases at a chamber 
pressure of 7 mTorr: 

CUFg-at 19 seem 

CF*, at 0 seem 

CO, at Osccm 

Argon Ar, at 100 seem. 

A plasma was generated by applying a RF voltage to the dual solenoid coils having a power 
level of about 1400 Watts. The cathode pedestal power level was set at 1500 Watts. The 
substrate was cooled or heated to -HO °C using a flow of backside helium to maintain a thin 
layer of passivating deposits on the sidewalls of freshly etched features. The etching process 
was performed for a sufficient time to etch all trenches through the third oxidized 
methylsilane layer. 
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As an alternative, etching of the trenches could start at a higher pressure such as 20 
mTorr by increasing gas flows about 50% and increasing power to the solenoid coils by about 
1000W, then etch conditions could he altered to a lower pressure such as 7 mTorr for less 
aggressive etching of the trench to ensure stopping on the second oxidized methysilane layer. 

SEM photos of the etched wafers were again used to measure the etch performance 
and results are shown below for each of the etch steps. 



Via-lst 


Via 2nd 


ViaOrd 


OE 


Trench 


750 


1,200 


750 


1,700 


2,400 


3:1 


3.5:1 


3:1 


3.5;1 


1.2: 


±10% 


±5% 


±10% 


±5% 


±5% 


-% 


10% 




10% 


15% 



Table 2. Etch Performance for Example 1 



Etch Rate, A/rnin 
Selectivity 
Uniformity 
^-loading 



EXAMPLE 2 

The preceding example deposits the dielectric layers in a single chamber by varying 
only the flow of the silicon compound and die power level. This example modifies the first 
example by replacing methyisilane with TEOS for die first dielectric layer as follows. 

A first oxidized TEOS layer is deposited on an 8 inch silicon substrate placed in a 
DxZ chamber, available from Applied Materials, Inc. f at a chamber pressure of 3-0 Torr and 
temperature of 350°C from reactive gases which are flowed into the reactor as fellows: 

TEOS,(CH 5 -CH 2 -0-VSi,at 40sccra 
Oxygen, Qj, at 360 seem 

Helium, He, at 2000 seem. 

The substrate is positioned 320 mil from the gas distribution showerhead and 750W of high 
frequency RF power (13 MHz) is applied to the showerhead for plasma enhanced deposition 
of a silicon oxide layer containing less than 1% carbon by atomic weight and less than 0.1% 
hydrogen by atomic weight, the layer having a thickness of at least 5000 A. Then deposition 
of second and third dielectric layers then continues using methysilane as described for 
Example!. 
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Etching of a dual damascene structure is performed as described in Example 1 except 
that the etch conditions for forming vertical interconnects in the deposited TEOS layer and 
for an overetch of the vertical interconnects are as follows: 

C 4 F 8 , at 15 sccra 

C2F6. at 20 sccra 

CO, at Osccm 

Argon Ar, at 350 seem. 

During etching of the lower silicon oxide layer and the over-etching of the vertical 
interconnects* a plasma is generated by applying 2200 W of RF power to the dual solenoid 
coils and 1400 W of RF power to the bias electrode. The substrate is cooled or heated to -10 
C C using a flow of backside helium to maintain a thin layer of passivating deposits on the 
sxdewalls of freshly etched features. 

While the foregoing is directed to preferred embodiments of the present invention, 
other and further embodiments of the invention may be devised without departing from the 
basic scope thereof, and the scope thereof is determined by the claims which follow. 

4 Brief Description «I Drawings 

So that the manner in which the above recited features, advantages and objects of the 
present invention arc attained and can be understood in detail, a more particular description 
of the invention, briefly summarized above, may be had by reference to the embodiments 
thereof which are illustrated in the appended drawings. 

It is to be noted, however, that the appended drawings illustrate only typical 
embodiments of this invention and are therefore not to be considered limiting of its scope, for 
the invention may admit to other equally effective embodiments. 

Figs. 1A-1H are cross sectional views showing a first embodiment of a dual 
damascene deposition sequence of the present invention; 

Figs. 2A-2H are cross sectional views showing a second embodiment of a dual 
da ma scene deposition sequence of the present invention; 

Fig. 3 is a cross-sectional diagram of an exemplary CVD plasma reactor configured 
for use according to the present invention; 

Fig. 4 show the relative amounts of carbon and hydrogen in four low k dielectric 
compositions that contain silicon, oxygen, carbon, and hydrogen; and 

Fig. 5 is a schematic view in vertical cross-section of an etch process chamber 
suitable for practicing the etching process of the present invention. 

For a further understanding of the present invention, reference should be made to the 
ensuing detailed description. 
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Fig, IE 
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Fig. 1H 
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Fig. 2A 
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Fig. 2B 
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Fig. 2C 
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Fig. 2D 
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Fig. 2G 
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Fig. 2H 
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A method of depositing and etching dielectric layers having low dielectric constants 
and etch rates that vary by at least 3:1 for formation of horizontal interconnects. The amount 
of carbon or hydrogen in the dielectric layer is varied by changes in deposition conditions to 
provide low k dielectric layers that can replace etch stop layers or conventional dielectric 
layers in damascene applications, A dual damascene structure having two or more dielectric 
layers with dielectric constants lower than about 4 can be deposited in a single reactor and 
then etched to form vertical and horizontal interconnects by varying the concentration of a 
carbon loxygeu gas such as carbon monoxide. The etch gases for forming vertical 
interconnects preferably comprises CO and a fluorocarbon, and CO is preferably excluded 
from etch gases for forming horizontal interconnects. 
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